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No. 231,780, now Patent No. 2,254,113, dated
August 26, 1941. Divided and this appllcahon
June 8, 1940, Serial No. 339,474

(CL 179~-18)

47 Claims.

The present mventlon relates to telephone
- systems and more particularly to improvements
in repeating apparatus adapted for use in multi-"
exchange telephone systems comprising a plu-
rality of interconnected small automatic ex-
changes and one or more central exchanges.
The present -application is a division of appli-
cation Serial No. 231,780, filed September 26,
1938, now Patent 2,254,113, granted August 26,
1941.

It is an object of the: invention to provide
in a telephone system of the character described
an improved alternating current impulse re-
peater chain adapted for use in controlling the
autcmatic switching apparatus embodied- in one
exchahge over a line terminating at another
automatic exchange and - wherein stepping
switcHes are provided for controlling and re-
sponding to the .control and supervisory pulses
of alternating current transmitted between the
repeaters in a positive and reliable manner.

It is a further object of the invention to pro-
vide an alternating current impulse repeater
adapted for use in a telephone system of. the
character described and wherein the control of
the seizing, release and supervisory operations is
realized in an improved and exceedingly reliable
manner.

It is a still further object of the invention to
provide in a telephone system of the character
described an improved and simple trunk circuit
arrangement which may -seclectively be condi-
tioned to operate in establishing connections on
a manual to manual exchange basis between
two operators’ positions when the distant end of
the associated trunk line is terminated at an
cperator’s position or as a control circuit for
an alternating current repeater when the distant
end of the associated trunk line is terminated at
an alternating current repeater.

The invention is illustrated as being embodied
in a telephone system comprising a plurality of
exchanges interconnected by trunk lines to form

a loop nctwork. Two of the exchanges have-

provided therein an operator’s position and one

cf the trunk lines interconnecting the exchanges -

cxtends directly between the two operators’ po-
sitions, whereby calls may be directly routed be-
tween the operaters’ positions over this one trunk
" line,.
the automatic type, autematic switching appara-
tus being provided therein for the purpose of
completing local connections between the sub-
scribers’ lines extending to the corresponding

exchanges and for the further purpose of routing =

At least a portion of the exchanges are of

10

15

20

25

30

40

45
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3

toll calls to the respective operators’ positions.
Apparatus is also provided whereby the auto-
matic switching apparatus located in two or.more
tandem connected exchanges is controllable from
either of the two operators’ positions to estab-
lish a connection to the other operator’s posi-

tion independently of the one trunk line men-. -

tioned above. Also, transfer switching appara-
tus is provided at the operators’ positions for
converting one of the two exchanges including
an operator’s position into a remotely controlled
automatic tandem exchange on calls originating
at or routed by way of the other operator’s
position and intended for a subscriber’s line ex-

tending to another of the exchanges, .'This trans-

fer switching apparatus is also arranged in an
improved manner such that all calls intended
for the operator’s position in one of the two
exchanges including an operator’s position may
be routed to the operator’s position in the other
exchange when the operator in the first-men-
tioned exchange is not on duty. The automatic
switching apparatus respectively provided in the
interconnected automatic exchanges is so con-
nected and arranged that the same predeter-
mined operation of the calling devices respec-
tively provided at the automatic substations of
the system causes connections to be forwarded
to one or the other of the operators’ positions.
In other words, any automatic subscriber hav-
ing a.line included in the system may obtain
the assistance of a toll operator by dialing a
toll operator’s directory number which is the
same as regards all of the substations.

The trunk lines which interconnect the various
automatic exchanges of the system are individu-
ally terminated at alternating current repeaters
at each end thereof. Each of these repeaters
comprises a stepping switch arranged in an im-
proved manner to control the operation of the
associated repeater in transmitting and respond-
ing to the various control and supervisory pulses
of alternating current which are transmitted to
and from the repeater when the associated trunk
line is being used. More particularly and con-
sidering the two repeaters terminating the re-
spective ends of an interoffice trunk line as first

‘and second repeaters, respectively, when the’ first

repeater is seized by the automatic switching
apparatus provided in the same exchange, certain
of the control relays embodied therein operate
to cause a seizing pulse of alternating current to
be transmitted over the associated trunk line to
the second repeater. The control apparatus of
the second repeater responds to the alternating
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current seizing pulse by initiating the operation
of the stepping switch embodied in the second
repeater and by seizing the impulse responsive

numerical switch associated with the second re- -

peater. During impulsing, the first repeater
functions to convert the direct cutrrent impulses
which are transmitted thereto into corresponding
alternating current pulses which are reconverted
into direct current impulses and transmitted to
the seized numerical switch by the control appa-
ratus of the second repeater. . In accordance with
one feature of the present invention, means are
provided in the second repeater, operative in re-
sponse to the operation of the stepping switch
included therein to a predetermined off-normal
position for releasing the second repeater in the
event at least one pulse of alternating current,
following the alternating current seizing pulse,
is not transmitted to the second repeater before
the stepping switch embodied in the second re-
peater is operated to a predetermined off-normal
position. Means are also provided for arresting
the operation of the stepping switch embodied in
the seccond repeater and for causing this switch

to be returned to_its normal position in response

to the first impulse of the first series of alter-
nating ‘current pulses transmitted to the sccond
repeater over the associated trunk line. When
the call as routed through the two repeaters in

tandem is answered at a selected called substa-

tion the control apparatus embodied in the sec-
ond repeater operates in response to the usual
battery reversal over the trunk outgoing there-
from by operating to cause a supervisory pulse
of alternating current to be transmitted over the
trunk line interconnecting the first and second
repeaters to the first repeater. The control relays
of the last-mentioned repeater in turn operate
to cause the exchange battery to be reversely
connected to the conductors of the trunk line
incoming to the first repeater.
apparatus embodied in the two repeaters is
jointly operative, following the completion of the
connection, to cause battery reversing operation
to be performed, with respect to the trunk line
incoming to the first repeater, each time the
connection is broken or recompleted at the called
telephone station. By virtue of this arrange-
ment, control of the supervisory signal lamps
located at a calling toll operator’s position is
effected. . ’
In accordance with a further feature of the
invention, the arrangement of the repeaters is
such that two or more tandem-connected ones
thereof are operative, in coopcration with the
other automatic switches of an established
switch train and under the control of an operator
located at one of the toll operators’ positions, to
offer a toll call to the subscribers conversing over
a busy called line. More particularly, the toll
offering connection to the busy line is obtained
in the usual manner by unbalancing one side of
the trunk line incoming to the numerical switch
having access to the called subscriber’s line, the
unbalancing of the trunk line being effected by
impressing ground potential upon one of the
trunk line conductors for a short time interval.
To this end, the arrangement is such that, when
the trunk line incoming to the first repeater of
_ the two tandem-connected repeaters embodied in
an automatic switch train is unbalanced. the
- control apparatus embodied in this first repeater
operates to cause a supervisory pulse of alter-
naling current to be transmitted over the asso-

ciated trunk line to the distant second repeater ¢

Also, the control
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and also to initiate the operation of the siepping
switch embodicd in the first repeater.. The dura-
tion of the pulse is under the control of the last-
mentioned stepping switch, the pulse being ter-
minated when this stepping switch is operated
to a predetermined off-normal position. The
length of the pulse is somewhat greater than the
duration of the alternating current seizing pulse
mentioned above and the control apparatus em-
bodicd in the second repeater responds to the

. supervisory pulse. by operating at the end of the

pulse momentarily to impress ground potential
upon one of the line conductors of the trunk line
incoming to the numerical switch having access
to the busy called subscriber’s line. The resulf-
ing operation of this numerical switch causes
the desired connection to be established to the
called line.

In accordance with a further feature of the
invention, the stepping switches respectively em-~
bodied in the two tandem-connected repeaters of
an automatic switch train are arranged jointly
to control the rclease of the associated repeaters.
More specifically, when a connection as routed

x by way of the first and second repeaters men-

tioned above is released at the calling end there-
of the control apparatus embodied in the first
repeater operates to cause a release pulse of al-
ternating current to be transmitted over the as-
sociated trunk line to the distant second repeater
and to again initiate the operation of the step-
ping switch embodied in the first repeater. The
duration of this. release pulse is substantially
greater than the duration of the  supervisory

‘pulse mentioned above and is under the control

of the stepping switch embodied in the first re-
peater, means being provided in this repeater
operative in response to the operation of the in-
dicated stepping switch to a predetermined off-
normal position for terminating the alternating
current release pulse and for initiating the re-
lease of the first repeater. 'The relay equipment
embodied in the second repeater responds at
the beginning of the alternating current release
pulse by initiating the operation of the stepping
switch embodied in the second repeater, means
bheing provided in the second repeater operative
in response to the operation of the last-men-
tioned stepping switch to a predetermined off-
normal po;s‘ition\ for causing the release of the
second repeater and-for causing the indicated
stepping switch to be returned to its normal posi-
tion. : .

As indicated above, one of the trunk lines in-
terconnecting the two exchanges having toll op-
erators’ positions therein extends directly be-
tween trunk circuit apparatus provided at the
operators’ positions respectively located in the
two exchanges. In the main or central exchange
this trunk line is permanently connected to one
set of trunk circuit apparatus. In the other ex-
change the transfer means, mentioned above,
is arranged selectively to connect the trunk line
to the trunk circuit apparatus provided at the
operator’s position in this other exchange or to
one of the alternating current repeaters briefly
described in the preceding paragraph. Equip-
ment is provided in the trunk circuit apparatus

. terminating the end of the trunk line cxtending

to the central exchange for selectively condi-
tioning this apparatus to be utilized in establish-
ing connections to the operator’s position in the

“other exchange when the trunk line is connected

to the trunk circuit apparatus provided at the
operator’s position in the other exchange, and to
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be utilized in routing conneciions through the al-
ternating current repeater when the trunk line is
connected to this-repeater-in the other exchange.
More particularly, means. are included in- the
trunk circuif apparatus terminating the trunk
line in the central exchange for conditioning
this apparatus to be utilized in establishing con-
nections on a manual to manual exchange basis
- when the trunk line is connected to the trunk
circuit apparatus provided at the operator’s posi-

10

tion in the distant exchange angd for alternatively -

conditioning the first-mentioned trunk circuit
apparatus to be utilized in established connec-
tions on an automatic to automatic exchange
basis when the distant end of the trunk line is
connected through the transfer means to the al-
ternating current repeater provided in the dis-
tant exchange.

Further features of the invention pertaln to

the particular arrangement of the automatic

- switching apparatus whereby the above and addi-
tional operating features of the system are at-
tained.

The novel features believed to be character=
istic of the invention are set forth with partic-
ularity in the appended claims. The inventicn,
both as to its organization and method of oper-
.ation, together with further objects and advan-
tages thereof, will best be understood by refer-

ence to the specification taken in connection ;

with the accompanying drawings, in which Fig-
ures 1 and 2 schematically illustrate a system
having the features of the present invention em-

bodied therein; Fig. 3 illustrates the manner of -

assembling the remaining figures of the drawings

to form a unified system in which the details of
the system schematically shown in Figs. 1 and 2
are illustrated; and Figs. 4 to 35, inclusive, illus-
trate the details of the: system schematically
shown in Figs. 1 and 2.

QI‘ (PION 1.—CGENFRAL DESCRIPTION OF THE SYS-
TEM AND ITS OPERATION

Referring now more particularly to Figs. 1 and
2 of the drawings the system there shown com-
prises a plurality of exchanges A, B, C, D, E, and
F of which the exchange A is a main or central
exchange of the manual type and the remaining
exchanges are subexchanges of the automatic
type.
routed to the exchange A, there is provided in
this exchange an operator’s position {0 having
two sets of trunk circuit apparatus 10. and 10
located thereat.  As indicated above, the ar-

rangement of the system is such that certain of °

the toll calls are handled, under certain condi-
tions, by an operator located in one of the smaller
automatic exchanges. 'To this end there is pro-
vided in the exchange B an operator’s position
14 which includes an operator’s telephone station
15 and is arranged to be connected for service
through the provision of transfer means in the
form of a transfer switch 809 of the locking type.
More particularly, this transfer switch is of the
character such that when operated to one of its
two. operating positions, it remains in the op-
erated position until manually actuated to its
other operating position. The various enumer-
ated exchanges are interconnected by trunk lines,
in the manner illustrated, to provide a multi-
exchange network.. More particularly, the ex-
changes A and B are connected by a group of
trunk lines including the trunk line indicated at
12; the exchanges B and. F are connected by a
group of trunk lines including the line indicated

For the purpose of handling toll calls -
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at #2; the exchanges B and E are connected by
a group of trunk lines including {he llne indi-
cated at 31'; the exchanges B and C are con-
nected by a group of trunk lines including the
Iine indicated at 37; the exchanges C and D are
connected by a single trunk line 85; and the ex-
changes A and D are connected by a group of
trunk lines including the line indicated at 3.
It will be pbserved that the trunk lines 12, 13,
37 and 65 serve to interconnect the exchanges A,
B, C and' D to form a loop exchange network.
In the exchange A the trunk line {2 terminates
in the trunk circuit apparatus {0s. The other
end of the trunk line (2 is arranged selectively’
to be connected, through operation of the trans-
fer switch 800, to trunk cirecuit apparatus pro-
vided at the operator’s position 14 or to a trunk
line 28 extending to a two-way -alternating cur-
rent repeater 16,

" Each of the enumerated exchanges has extend-
ing thereto a plurality of subscribers’ lines hav-
ing one or more substations individually asso-
ciated therewith, and, with the exception of the
exchange A, includes automatic switching ap-
paratus for setting up connections between the
various lines of the system and also between the
subscribers’ substations and the operators’ posi-
tions 10 and (4. The subscribers’ lines extending
to the five automatic exchanges B, C, D, E and
F include lines of the singlé and multiparty types.
More particularly, these lines are of three dif-
ferent types, a part thereof heing of the single
party type having only one substation connected
thereto, another portion thereof being of the well
known duplex type having two substations indi-
vidually associated therewith, and the remaining
lines being of the well known multiplex type hav-
ing more than two substations and automatic sta-
tion selecting apparatus Individually associated
therewith. Only two of the lines which extend to
the exchange B are illustrated in the drawings,
these two lines being indicated at 33 and 34, re-
spectively. As shown, the line 33 is of the single
party type having a single substation T3 asso-
ciated therewith while the line 34 is of the du-
plex type having two substations T: and T2 as~
scciated therewith. The lines 33 and 34 in the
exchange B terminate in line circuits 2T and 22,
respectively. 'The lines extending to the ex-
change C include two lines 59 and 60 ferminating
in line circuits 5% and 58, respectively. The line
59 is shown as being of the single party type hav-
ing a substation T associated therewith while
the line 60 is of the duplex type and extends to
two substations indicated at Ts and Ts, ‘The plu-~
rality of subscribers’ lines extending to the ex-
change D includes two single party lines 74 and
15, respectively extending to the substations in-
dicated at T2 and Ts. These two lines reéspec-
tively terminate in line circuits T4 and 68, re-
spectively. Finally, the subscribers’ lines extend-
ing to the exchange E include the two single
party lines 16 and-11 having respectively asso-
ciated therewith the substations Ty and Tie.
These two last mentioned lines are terminated
in the exchange E in line circuits 78 and 79, re-
spectively.  The enumerated substations Ti to
Tio, inclusive, gre all of the automatic type each
including a calling or impulsing device of con-
ventional design for transmitting - switch' con-
trol impulses over the associated line to the au-
tomatic switching apparatus provided in the ex-
change terminating the associated line.

For the purpose of establishing local connec-
tions between the subscribers’ lines terminating at



4

the exchange B and for the additional purpose of
routing connections to one of the two operators”
positions 10 and (4 from calling ones of the sub-
.stations associated .with lines terminating at the
‘exchange B, there is provided in this exchange a
plurality of local finder-connector links including
the link indicated at 28. ‘These links have com-
monly associated therewith a distributor 26 which
.is operative to assign idle ones of the links to call-
ing ones of the lines terminating at the exchange
B in a predetermined order. Esch of the local
finder-connector links includes a finder switch
having access to each of the subscribers’ lines
terminating at the exchange B and also to each
of the repeaters individually associated with the
trunk lines extending between the exchanges B
" and C. Similarly, the connector portion of each of

2,207,002

nections may be routed through the repeater 28
to the automatic switching apparatus provided in

. the exchange E. The incoming connector switch

10

the local finder-connector links has access to each -

of the subscribers’ lines extending to the exchange
B and also to one or more trunk lines, such, for
example, as the line 38, extending to trunk cir-
cuit apparatus provided at the operator’s position
{4, The connector switches of the local finder-
connector links provided in the exchange B also
have access to one or more repeaters individually
associated with two-way trunk lines extending to
the automatic switching. apparatus provided in
the exchange E. Thus, the conneclor portion of
the link 25 is indicated as having access to a trunk
line 38 terminating at a two-way repeater 20
which terminates one end of the interoffice trunk
line 31’ extending hetween the exchanges B and
E. The connector switches respectively embodied
in the local finder-connector links of the exchange
B further have access to repeaters individually
associated with trunk lines which are adapted to
‘be connected by way of the transfer switch 800
to associated trunk lines extending to the ex-
change F. For example, the connector portion
of the link 25 has access to a trunk line 37’ ex-
tending to a repeater {8 terminating a trunk line
41 which is adapted to be connected through the
springs of the transfer switch 888 to the trunk
line 42 extending to the exchange F. By virtue
of this arrangement and as explained in detail
hereinafter, calls initiated on lines terminating
at the exchange B and intended for lines termi-
nating at the exchange F or the exchange E may
be completed on an automatic to automatic sub-

station basis without the intervention or assist- !
ance of either of the operators attending the op-.

erators’ positions 108 and {4, )

For the purpose of routing connections from
the operator’s position {0 in the exchange A
through the exchange B to a subscriber’s line
terminating at one of the exchanges B, C, E and
P or of routing connections from the operator’s
position {4 in the exchange B to one of the indi-
cated subscribers’ lines, there is provided in the
exchange B a plurality of incoming connector
switches, such, for example, as the swilch 11, in-
dividually having incoming trunk lines terminat-
ing at the contact springs of the transfer switch
800.. More particularly, the incoming connector
switch {7 has incoming thereto a trunk line 30
which is adapted selectively to be connected
through the contact springs of the transfer
switch 800 to trunk circuit apparatus provided at

~ the operator’s position 14 or to a trunk line 28
extending to the ?.l,ternating currvent repeater 16,
The incoming connector switch {1 and the other
switches of similar character have access to each
of the subscribers’ lines terminating at the ex-
change B. In addition, these switches have ac-
cess to the trunk line 31’ by way of which con-
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{1 further has access to a trunk line 35 by way of
which connections may be routed through the re-
peater 18 and over the trunk lines 41 and 42 to
the automatic switching apparatus provided in
the exchange F. Finally, the incoming con-
nector switch 17 has access to a trunk line 32 ex-
tending to a two-way alternating current re-
peater 24 terminating one end of the trunk line 37
interconnecting the exchanges B and C. As ex-
plained in detail hereinafter, calls incoming to
the exchange B from the two exchanges C and E
are routed through the local finder-connector
links provided in the exchange B. To this end
the repeater 24 has extending thereto an outgoing
trunk line 45 which terminates in a line circuit 23
and is connected to a link line 46 terminating in
the bank contacts of the finder switches respec-
tively embodied in the local finder-connector links
provided in ihe exchange B. Similarly, the two-
way repeater 20 associated with the trunk line 31’
extending to the exchange E terminates a trunk
line extending to a line circuit 2t. The line cir-
cuit 24 also terminates a link line 47 extending
to the bank contacts of the finder switches re-
spectively embodied in the local finder-connector
links provided in the exchange B. . Normally,
calls incoming to the exchange B from the ex-
change F are routed directly to the. operator’'s
position {4 located in the exchange B. When,
however, the operator’s position 14 is unattended
such calls may be routed through the repeater 18
to a trunk selecting circuit 19, and from this
trunk selecting circuit through the alternating
current repeater 6, or another repeater identical
therewith, to the operator’s position {8 in the ex-
change A. More particularly and if the trunk
lines 42 and 41 are utilized in forwarding the call
to the operator’s position in the exchange A, the
repeater 18 functions to extend the connection
over a trunk line 43 to the trunk circuit appa-
ratus 8. The indicated trunk circuit is pro-
vided for the purpose of automatically selecting
an idle one of two alternating current repeaters
individually associated with trunk lines extending
to the operator’s position 10 in the exchange A.
To this end the trunk circuit {8 is arranged to
have access to a trunk line 44 extending to the
repeater 16 and also to a trunk line 44’ which is
indicated as extending to a second repeater iden~
tical with the repeater I8.

Referring now more particularly to the auto-
matic switch apparatus provided in the exchange
C, the trunk line 37 extending between this ex-
change and the exchange B terminates at a two-.
way alternating current repeater 50 having ex-
tending thereto the conductors of a trunk line
6f incoming to an incoming connector switch
53 individually associated with the repeater 50.
The incothing connector switch 53 has access to
all of the subscribers’ lines terminating at the
exchange C and also to a repeater 57 terminating

5 one end of the trunk line 65 extending to the

exchange D. In a similar manner each of the
other trunk lines extending between the ex-
changes B and C terminates. at a two-way re-
peater identical with the repeater 50 and having
associated therewith an incoming connector
§witch terminating the subscribers’ lihes extend-
ing to the exchange C.  Calls routed through
the automatic switching apparatus provided in
the exchange D and over the trunk line 65 to
the two-way repeater 57 located in the exchange
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C may further be extended to a subscriber’s line
terminating at the exchange C or to the auto~

“matic switching apparatus provided in the ex-
change B through the provision of an incoming.
connector switch-56 which is individually asso-

ciated with the repeater 5%, More particularly,
the incoming connector switch 56 has access to
each of the subscribers’ lines terminating at the
exchange C and also to a frunk line 62 by way
of which connections are rouled through the

- .two-way repeater-50 and over the trunk line 37

to the automatic switching apparatus provided

-in the exchange B. For the purpose of setting

up locdl connections between the subscribers’
lines terminating at the exchange C there is
also provided in- this exchange a pluralily of
switching selector repeater links and a plurality
of local connector switches. One of the switch-
ing selector repeaters is indicated at 51 as hav-

‘ing access to-a local connector switch 54 which
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terminates only the subscribers’ lines extending

to the exchange C. If will be understood that a
plurality- of additional switching selector repeat-
ers and local connector switches are provided in
the exchange C in order that a number of calls
may be handled at the same time. The switch-
ing selector repeater links have commonly asso-

ciated therewith a distributor 52 which is opera- |

tive in the usual manner to assign idle ones of the
links for use in a predetérmined order. The se-

"lector switches respectively embodied in the
switching selector repeater links not only have

access- to the local connector switches through
which local connections are -set up between the
substation lines terminating at the exchange C,
but in addition have access to each of the two-
way repeaters individually associated with the
trunk lines extending to the exchange B. Thus,
the switching selector repeater 51 is illustrated as
having access to a trunk line 63 extending to

- the two-way repeater 50.

The automatic switching apparatus provided
in the exchange D comprises a two-way alter-
nating current repeater 66 terminating the trunk
line 65 and. a similar two-way alternating cur-
rent repeater 12 terminating the trunk lire {3
extending to the trunk circuit apparatus (0 lo-
cated at ihe operator’s position 10 in the ex-
change A. Each of the other trunk lines ex-

'tending between the exchanges A and D termi-

nates in a two-way repeater identical with the
repeater 72 in the last mentioned exchange.
The various two-way repeaters provided in the
exchange D have individually associated there-

with incoming connector switches by way of 5:

which connections may be routed to the subserib-
ers’ lines terminating at the exchange D. More
particularly, the repeater 66 has associated
therewith an incoming connector switch 69 hav-
ing access to each of the subscribers’ lines extend-
ing to the exchange D and also to a trunk line
by way of which connections may be routed
through the repeater 72 and over the trunk line
13 to the operator’s position {0 in the exchange
A.  This incoming connector switch also has
access to trunk lines individually extending to

the other two-way repeaters through which con-’

nections may be routed to and from the exchange
A. Simi'arly, the two-way repeater 12 has in-
incoming
connector switch 67 having access to the sub-
scribers’ lines extending to the exchange I} and
also to a trunk line over which connections may
be routed through the repeater 66 and by way of
the trunk line 6% to the automatic switching ap-
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paratus provided in the exchange C. For the
purpose of setting up local connections between-
the subscribers’ lines extending to the exchange
D, the automatic switching apparatus provided
in this exchange also includes a plurality of local
finder-connector links one of which is indicated
at 10. These links have commonly associated
therewith a distributor 13 which is operative to
assign idle ones of the links to calling ones of the
subscribers’ lines in a predetermined order.” The
connector switches respectively embodied in the

local finder-connector links provided in the.ex- .

change D not only have access to the subscrib-
ers’ lines extending to the exchange D but, in

" addition, have access to each of the repeaters

individually associated with the frunk lines ex-
tending to the exchange A, whereby. connections
may be routed from the subscribers’ lines termi-
nating at the exchange D to an operator’s posi-
tion located in the exchange A.

The automatic switching apparatus provided
in the exchange E is substantially similai to that .
embodied in the exchange C and described pre-
viously. More particularly, this apparatus com-
prises & plurality of incoming connector switches
individually associated with the trunk lines ex-
tending between the exchanges B and E and each
having access to the subscribers’ lines terminat-
ing at the exchange E. Thus, the interoffice
trunk line 3!’ extends to an incoming connector
switch 84 having access to all of the subscribers’
lines terminating in the exchange E. The au-
tomatic switching apparatus provided in the ex-
change E further comprises a plurality of switch-
ing selector repeater links and a plurality of local
connector switches which are utilized in establish-
ing local connections between the subscribers’
lines extending to this exchange. "Thus, there
is provided a switching selector repeater 80 which
includes a finder switch at which all of the lines
extending to the exchange E terminate and a
selector switch having access to the local con-
nector switches corresponding to and including
the local connector switch 82. The selector por-
tion of the switching selector repeater 80 also
has access to trunk lines individually extending
to the repeaters respectively associated with the
interoffice trunk lines extending to the exchange
B. For example, the switching selector repeater
80 has access to a trunk line 83 by way of which
connections are routed through the incoming con-
nector switch 84 and over the trunk line 31’ to
the automatic switching apparatus provided in
the exchange B. In order to assign idle ones of
the switching selector repeaters to the use of
calling ones of the subscribers’ lines extending to
the exchange E, there is provided a distributor
81 which is operative to assign the available
switching selector repeater links for use in a pre-
determined order. :

The automatic switching apparatus provided in
the exchange F for establishing local connections
between the subscribers’ lines extending to this
exXchange may, if desired, be substantially similar
to that embodied in the exchange D and de-
scribed above. In this case, however, the con-
nector switches provided in the exchange F and
having access to the trunk lines extending to the

exchange B are arranged in a well known manner

to project ringing current over a selécted one of
the trunk lines, such, for example, as the line 42,
for the purpose of initiating the operation of the
trunk circuit apparatus 19 or the trunk circuit
apparatus normally terminating the selected line
at the operator’s position 14.
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Neglecting for the present the detailed circuit
arrangement of the automatic switching ap-

paratus briefly referred to above, and consider-.

ing the operation of the system generally, it will
be apparent that two types of calls, namely local
and toll calls, are necessarily involved in a com-
plete .consideration of the manner in which the
switching apparatus of the system operates. Con-
sidering first the mode of completing a connection
between two substations associated with lines ter-
. minating -at the exchange B and assuming.that
a call intended for the substation T is initiated at
the substation Ts, the operation of the automatic
switching equipment provided in the exchange B
to set up the desired connection is started when
the calling subscriber at the substation Tz re-
moves his receiver from its hook to complete a
loop circuit extending to the line circuit 27. The
line circuit 27 responds to the completion of the
- calling loop circuit by operating to impress ground
potential upon the start conductor of the dis-
tributor 26. The distributor 26 now operates to
cause the finder portion of the assigned local
finder-connector link to seize the calling line and
to switch the calling loop circuit through to the
control apparatus embodied in the link. Fol-
‘lowing the operation of the finder switch em-
bodied in the assigned link to seize the calling
line, the control apparatus of the link is condi-
tioned to respond to the impulses of the first
digit dialed at the calling substation and dial
tone is returned to the calling subscriber.
the first digit is dialed at the calling substation
the connector portion of the operated link func-
tions to select the particular group of lines in-
cluding the called line 34. ‘Thereafter, and when
the second digit is dialed at the calling substa-
tion, the connector portion of the operated link
functions to select the particular called line from
the selected group of lines. If this called line
is busy at the time the connector switch of the
operated link seleécts the same, the control ap-
paratus of the operated link functions to return
busy tone to the calling subscriber in the usual
manner. On the other hand, if the called line
is idle at the time it is selected, ringing current
is projected thereover to energize the signal de-
vice provided at the called substation and the
usual ring-back tone signal is returned over the
calling loop circuit to the calling subscriber.
Finally, the desired talking circuit between the
calling and  called substations is fully com-
pleted when the call is answered at the
called substation, the control apparatus em-
bodied in the operated link being responsive to
this operation to arrest the ringing operation and
to complete the desired talking connection. The
arrangement of the local finder-connector links
is such that the release of a local connection
established in the manner just described is en-
tirely under the control of the calling party.
More particularly, when the calling subscriber at

the substation Ts hangs up, the loop circuit ex- -

tending to the operated local finder-connector
link is interrupted so that the relay apparatus
provided therein operates to release the link and
to initiate the release of the line circuit 21, where-
by the calling line is marked as idle and is
rendered accessible to the connector switches;
The distributor 26 associated with the local finder-
connector links provided in the exchange B is ar-
ranged to select an idle link for use immediately
the finder portion of a previously assigned link
operates to seize & calling one of the lines ex-

When
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_tending to the exchange B. Thus, when the call- 75

2,207,092

ing loop circuit extending the substation Ts is
switched through to the connector portion of a
local finder-connector link assigned to the use of
the line 33, the line circuit 27 operates to open
the path over which ground potential is im-
pressed upon the distributor start conductor and
the control apparatus embodied in the assigned
link operates to mark the link as busy in the dis-
tributor 26. At this time the distributor is caused
to operate to select the next available idle one
of the links for assignment to the. use of.the
next calling line. Thus, the local finder-con-
nector links are assigned.to the use of succes-
sive calling lines in a predetermined order.

If the call as initiated at the substation Tz in
the manner explained in the preceding para-
graph is intended for a substation assoeiated with
a line terminating at the exchange E, the desired
connection may also be completed without the
intervention of an operator. Thus, if the ap-
propriate line selecting digits are dialed at the
calling substation, the connector portion of the
operated link, as, for example, the link 25, may
be caused to operate to select an idle one of the
repeaters, as, for example, the repeater 20, as-
sociated with a trunk line extending to the ex-
change E. 'On a trunk call of this character, the
connector portion of the assigned link is arranged
for switching through operation. More particu-
larly, when the connector switch embodied in the
link 2§ seizes the trunk line 38, for example, ex-
tending to the repeater 20, the calling loop cir-
cuit is switched through to this repeater with
the result that the repeater operates to establish
a loop circuit extending by way of the trunk line
31’ to the incoming connector switch 84. The
incoming connector switch 84 responds to the
completion of the last-mentioned loop circuit by
conditioning itself to perform the desired line se-
lecting operations in response to further digits
dialed at the calling substation. The impulses of
these additional digits are repeated by the control
apparatus of the repeater 20 over the trunk line
31’ to the contro] apparatus embodied in the in-
coming connector switch 84 and the last-men-
tioned apparatus responds thereto by selecting
the desired subscriber’s line. More particularly,
the incoming connector switch 84 responds to
the first series of impulses transmitted thereto
by selecting the particular group of lines includ-
ing the called line. Following the selection of
this line group, the incoming connector switch
84 responds to the second series of impulses
transmitted thereto by selecting the called line
from the selected group of lines. Here again if
the called line is busy at the time it is selected,
the usual busy tone signal is transmitted back
over the trunk line 31’ through the repeater 20
and the local finder-connector link 25 and over
the calling line 33 to indicate to the calling sub-
scriber that the desired connection can not be
obtained. On the other hand, if the called line
is idle at the time it is selected, ringing current
is projected thereover to energize the signal de-
vice provided at the called substation and the
usual ring-back tone signal is returned to the
calling subscriber to indicate that the called sub-
station is being rung. Finally, the desired con-
versational circuit is completed and the ringing
operation is arrested when the call is answered at
the called substation. The release of a connec-
tion as routed from the substation T3 through
the incoming connector switch 84 to a substation
line terminating at the exchange E is also under
the control of the calling subscriber., Thus, when
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" the calling loop circuit is interrupted at the call-

ing substation, the repeater 20 is released. Dur-
ing its release this repeater functions to remove
holding ground potential from the control con-
ductor of the trunk line 38 thereby to initiate the
release of the local finder-connector link 25. Also,
during its release the repeater 20 opens the loop
circuit extending to the incoming connector
switch 84 whereby this incoming connector switch
is caused to restore to normal in the usual man-
ner. . .

As indicated previously, the manner in which
a connection may be routed from a calling sub-~
scriber’s line terminating at the exchange B to a
called subscriber’s line terminating at the ex-

. change F depends upon the position of the trans-

fer switch 800. Thus, if the operator’s position
14 in the exchange B is attended, a desired con-
nection of the character indicated can only be
completed with the assistance of the operator at
this operator’s position and in the manner ex-
plained subsequently. On the other hand, if the
operator’s position 14 is not attended and the
transfer switch 830 occupies the position illus-

trated in the drawings, the connection may be’

forwarded to the desired called: substation with-
out the intervention of an operator. For exam-
ple, if the call as initiated at the substation Ts
and routed by way of the local finder-connector
link 25 is intended for a subscriber’s line termi-
nating at the exchange F and is initiated at a
time when no operator is on duty at the opera-
tor’s position 14, the calling subscriber may, by
dialing the appropriate digits, cause the connec-
tor portion of the operated link 25 to seize the
trunk line 31’ extending to the two-way repeater
18. Here again, the local finder-connector link
25 operates to switch the calling loop circuit
through to the indicated repeater immediately
the trunk line 37’ is selected and the control ap-

. paratus embodied in the repeater operates to

place holding ground potential upon the control
conductor of the trunk line 37’, thereby to main-
tain the local finder-connector link operated.
When the calling loop circuit is switched through
to the repeater 18, this repeater also operates to
complete a loop circuit extending by way of the
trunk lines 41 and 42 to the automatic switching
apparatus terminating the distant end of the
trunk line 42 in the exchange F. When this
last-mentioned loop circuit is completed, the
seized switching apparatus provided in the ex-
change F is conditioned to respond to the im-
pulses making up further digits dialed at the
calling substation. From this point on, the man-
ner in which the desired connection is completed
and released is exactly the same as described
above with reference to the call initiated at the
substation T: and routed to a substation line
terminating at the exchange E.

If the call as initiated at the substantion T3
and routed by way of the local finder-connector
link 25, for example, is a toll call requiring the
assistance of an operator, the calling subscriber
may cause the connection to be forwarded to
the operator’s position {4 in the exchange B or to
the operator’s position 10 in the exchange A by
dialing the digits of the directory number repre-
senting an operator’s telephone station. The

.arrangement of the local finder-connector link
925 and of the other similar links is such that

a trunk hunting operation on the part of the
connector portion of the link is initiated for the
purpose of selecting an idle trunk line extending
to the operator’s position 14 when the directory
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number designating an operator’s telephone sta-
tion is dialed. More particularly, the arrange-
ment of the links is such that any seized one

- thereof responds to the impulses of the directory

number 01 to select an idle one of the trunk lines
extending to the operator’s position 14 providing
all of these trunk lines are not busy. Thus, if
the trunk line 36 is the first available idle trunk
line of the group when the digits 0 and 1 are
dialed at the calling substation T3, the connec-
tor portion.of the link 25 operates to seize the
line 36 and to switch the calling loop circuit
through thereto. The one of the two operator’s
positions (4 and 10 to which the connection is
routed depends upon the position of the transfer
switch 800. More particularly, if the operator’s
position 4 in the exchange B is attended, the .
call  is: forwarded to this operator’s position.
Thus, when the trunk line 36 is seized and the
calling loop circuit is switched through, the
trunk circuit apparatus terminating this trunk
line at the operator’s position 14 operates to
impress holding ground upon the control con-
ductor of the frunk line 36, thereby to hold the
link 25 operated, and also to signal the operator
that an incoming call on the trunk line 36 awaits
attention. The operator may utilize the tele-
phone substation equipment indicated at 15 to
answer the call and to ascertain the particular
connection or service desired by. the calling sub-
scriber. The manner in which the connection
may be further extended from the operator’s
position {4 to a substation.line terminating at
one of the other exchanges in the system is ex-
plained hereinafter. In the case, just described,
of a connection routed from the substation Ts to
the operator’s position 14 in the exchange B, the
release of the operated switch train is under the
control of the calling subscriber. Thus, when the
calling loop circuit is interrupted at the calling -
substation, the trunk circuit apparatus termi-
nating the trunk line 36 at the operator’s posi-
tion 14 operates to give the operator a disconnect
signal and to remove holding ground potential
from the control conductor of the line 36. When
ground potential is removed from this control
conductor, the operated local finder-connector
switch 285, as utilized in establishing the connec-
tion, is released. :
As indicated above, when the operator ncr-
mally handling calls at the operator’s position
14 in the exchange B goes off duty or leaves her
post, she operates the transfer switch 800 to the
position illustrated in the drawings such that the
trunk line 36 is connected through the springs
of this switch to the trunk line 40 éxtending to
the two-way repeater (6. Hence, if the toll call
originating at the substation Ts is initiated at a
time when the operator’s position 14 is not at-
tended, the two-way repeater 16 is seized when
the local finder-connector link 25 utilized in
establishing: the connection operates to switch
the calling loop circuit through to the trunk line
36. When this repeater is seized, it operates to
apply holding ground to the control conductor
of the trunk line 36 and to transmit g relatively
short seizing pulse of alternating current by way
of the trunk lines 28 and 12 to the trunk circuit.
apparatus (0a terminating the line (2 at the
operator’s position 10 in the exchange A. This
!:runk circuit apparatus responds to the alternat-
ing current seizing pulse by operating to ener-
gize a line signal lamp individual to the line 12,
thus indicating to the operator on duty at the
operator’s position {0 that an Incoming call on



the line 12 should be answered. The operator
attending the operator’s position 10 in the ex-

change A may now answer the call in the usual
manner and converse with the calling subscriber

over the established talking circuit to escertain

the particular service or substation desired by the
calling subscriber. The manner in which the
connection may further be extended from the
operator’s position 10 to a desired called sub-
station associated with a line terminating at one
of the other exchanges is explained hereinafter.
The release of the connection as routed from
the calling substation T3 to the local finder-
connector link 25 and the two-way repeater 16 to
the operator’s position 10 in the exchange A is
partially under the control of the calling sub-
- scriber and partially under the control of the
operator attending the operator’s position 10,
More particularly, when the calling loop circuit
from the substation T3 to the repeater i6 is in-
terrupted, the repeater 16 is released and certain
of the control relays embodied therein operate
to cause a supervisory pulse of alternating cur-
rent to be transmitted by way of the trunk lines
28 and {2 to the trunk circuit apparatus i0s.
This trunk circuit apparatus responds to the
supervisory pulse of alternating current by
operating to energize a supervisory lamp em-
bodied therein which is also individual to the
line 12, thus indicating to the operator that the
established connection is ready to be released.
When the loop circuit extending through to the
two-way repeater 16 is interrupted in. response
to the release of the connecton at the calling

substation T3, the control relays embodied there- :

in also operate to remove holding ground poten-
tial from the trunk line 40, thereby to initiate
the release of the local finder-connector link 25
and the line circuit 21. The release of the trunk
circuit apparatus 10a is effected only when the
operator at the position 10 disconnects her cord
cireuit from the trunk circuit apparatus {0a.
More particularly, when the operator clears out
the connection the trunk circuit apparatus (0a
is released and during  its release operates to
transmit a relatively long release pulse of alter-
nating current back over the trunk line (2 to the
repeater 16. The control apparatus of the re-
peater 16 responds to this alternating current

pulse by operating to establish a loop circuit to :

the incoming connector switch 17, whereby this
switch is seized, and by initiating the operation
of the apparatus for forcibly releasing the re-
peater 16. Thereafter, the last-mentioned ap-

paratus operates to release the repeater {6 and :

to open the loop circuit extending to the incom-
ing connector switch 17, whereby the switch 1
is restored to normal.

The manner in which local connections are set
up between the subscribers’ lines terminating at
the exchange D is substantially similar to the
mode of establishing local connections between
subscribers’ lines terminating at the exchange B
and described above. Thus, if it be assumed, for
example, that the local finder-connector link 70
is utilized in establishing a connection between
the lines 74 and 15 in response to a call initiated
at the substation T7, the operation of the dis-
tributor 73 to cause the finder portion of the link
19 to seize the calling line is initiated in response
to the operation of the line circuit Tl resulting
when the calling subscriber removes the receiver
provided at the substation T7 from its support-
ing hook or cradle. More particularly, when a
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‘cuit 71, ground potential is impressed upon the

distributor start conductor, whereby the dis-.
tributor 73 cooperates with the finder switch of
the link 70 to cause this switch to seize the call-
ing line 74. When the calling line is seized, the
calling loop circuit is switched through to the
connector portion of the link, dial tone is re-
turned to the calling subscriber, the line circuit
71 operates to remove ground potential from the
distributor start conductor. and the control ap-
paratus of the link operates to mark the link as
busy in the distributor 13. The distributor now
operates to select the next available idle one of
the local finder-connector links for use in com-
pleting a second connection on the next incom-
ing call. When the calling loop circuit is
switched through to the connector portion of the
link 10, the control apparatus embodied in the

- link is conditioned to respond to the operation

20
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of the calling device provided in the calling sub-
station T7. During the first series of impulses
dialed at this substation, the connector portion of
the link 70 operates to select the particular
group of lines including the called line 15. When
the second digit is dialed at the calling substa-
tion, the connector portion of the link 10 oper-
ates to select the called line 15 from the previous-
ly selected group of lines in which this called
line is included. Following the selection of the
called line, the control apparatus embodied
therein operates to test the line for the purpose
of determining the idle or busy condition there-
of; to return the usual busy tone signal to the
calling subscriber if the called line is busy; and
to project ringing current out over the called line

- for the purpose of energizing the signal device

40

60

calling loop circuit is established to the line cir- 75

‘ connector switches having access thereto.

provided at the called substation in the event the
called line is idle. This control apparatus fur-
ther operates to return the usual ring-back tone
signal to the calling subscriber in the event the
selected called line is idle and ringing current is
projected thereover. The ringing operation is
arrested and the desired conversational circuit
is completed between the calling and called sub-
stations when the call is answered at the sub-
station Ts. The release of the connection as es-
tablished in the manner just described is under
the control of the subscriber at the calling sub-
station. More particularly, when the calling
subscriber hangs up to open the calling loop cir-
cuit, the local finder-connector link is restored
to normal, this link is marked as idle in the dis-
tributor switch 13, and the calling and called lines
are marked as idle in the bank contacts of the
Dur-
ing the release of the connection and when
guarding ground potential is removed from the
control conductor of the line 14, the line circuit
11 is restored to normal in the usual manner.

All toll calls initiated at substations associated
with lines terminating at the exchange D are
routed to the toll operator’s position {0 provided
in the exchange A, the trunk line 65 not being
access:ble to the local finder-connector links pro-

5 vided in the exchange and hence is not available

for use in completing connections between the
subscribers’ lines . terminating at the exchange
and the operator’s position in the exchange B.
Thus, if the call originating at the substation T+
gn_d routed to the local finder-connector link 70,
is intended for a toll operator’s position, the call-
ing subscriber dials the two digits of the directory
number designating a toll operator’s telephone
station. Here again, the bank wiring arrange-
ment of the connector switches respectively em-
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bodied in the local ﬁnder-connector links provid-
ed in the exchange D is such that when a sub-
scriber having a substation associated with a line
terminating at the exchange D dials the directory
number comprising the digits 0 and 1, the con-
nection is forwarded over a trunk line to a toll
operator’s position in the exchange A. Also, the
connector switches of the respective local finder-
connector links are arranged for trunk hunting,
thereby automatically to select an idle one of the
trunks in the group extending to the exchange A
in response to the dialing of the toll operator’s
directory number at the calling substation.
* Thus, when the calling subscriber at the substa-
tion T7 dials the digits 0 and 1 in the order
named, the connector portion of the local finder-
connector link 70 automatically operates to select
" a repeater associated with an idle one of the
trunk lines extending to the exchange A. As-
suming, for example, that the repeater 12 is
seized by the connector portion of the link 70,
when this repeater is selected the calling loop

circuit is switched through thereto and the con-~

trol apparatus embodied in the repeater operates
to impress holding ground upon the control con-
“ductor of the trunk line extending thereto from
the link 10, thereby to hold the indicated link
cperated. The repeater 12 also functions to
transmit a seizing pulse of alternating current
over the trunk line 13 to the trunk circuit ap-
paratus 10y terminating the line 13 at the opera-
tor’s position. 10. This trunk -circuit apparatus
. responds to the alternating current seizing pulse
by energizing the line signal lamp included there-
in and individually associated with the trunk line
13, thus indicating to the operator at the position
10 that an incoming call on the trunk line {3
" should be answered. When the call is answered
by the operator attending the operator’s posi-
tion 10, the desired talking circuit is fully com-
pleted between the operator’s telephone set and
the calling substation T4, whereby the operator
may converse with the calling subscriber and as-
certain the particular service or connection de-
sired by the subscriber. The manner in which
the connection may be further extended to a de-
sired called substation associated with a line ter-
minating at one of the other exchanges is de-
scribed subsequently.

The release of the connection as roufed from
the substation T7 to the operator’s position I8 in
the exchange A is partially under the control of
the calling subscriber and partially under the
control of the operator attending the operator’s
position 18. More particularly, when the calling
subscriber hangs up to open the loop circuit ex-
tending through the local finder-connector link
10 to the repeater 12, the control apparatus em-
bodied in this repeater operates to cause a rela-
tively long pulse of salternating current to be
transmitted over the trunk line (3 to the trunk
circuit apparatus (0. This control apparatus
‘also functions to remove ground potential from
the control conductor of the trunk line incoming
thereto from the connector portion of the local
finder-connector link 78. Thus, the release of
this link and of the line circuit T{ is initiated.

" The trunk circuit apparatus 10, responds to the
alternating current pulse transmitted thereto
from the repeater 12 by operating to energize
the supervisory lamp included in this apparatus
and individual to the trunk line 13, thus indi-
cating to the operator on duty at the position 0
that the connection routed by way of the trunk
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line 13 is ready to be released. When the opera- 75
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tor disconnects her cord circuit from the trunk
circuit apparatus (0v, this apparatus is released
and during its release operates to transmit a
relatively long pulse of alternating current back
over the trunk line 13 to the repeater 12. This
last-mentioned pulse of alternating current is in
the nature of a seizing pulse in so far as the re-
peater 12 is concerned, the control apparatus of
the repeater responding thereto by operating to
establish & loop circuit to the associdted incom-
ing connector switch 61, whereby this switch is
seized. The apparatus embodied in the repeater
12 for forcibly releasing this repeater is also
started into operation when the last-mentioned
pulse of alternating current is transmitted to the
repeater over the trunk line 13. Affer a prede-
termined time interval this apparatus functions
to cause the release of the repeater and to open
the loop circuit extending to the seized incoming
connector switch 67, thereby to initiate the re-
lease of the connector switch. Thus, the connec-
tion is entirely released.

Referring now more particularly to the opera-
tion of the automatic switching apparatus pro-

. vided in the exchange C to establish a local con-

nection between two subscribers’ lines terminat-
ing at this exchange, and assuming, for example,
that a call intended for the substation Ts
originates at the substation T4, the operation of
the apparatus to establish the connection is
initiated in the usual manner when the calling
subscriber removes the receiver provided at the

‘substation T4 from its supporting hook or cradle.

More particularly, when the last-mentioned oper-
ation is performed, a calling loop circuit is com-
pleted to the line circuit 55 whereby this line
circuit operates to mark the calling line in the
bank contacts of the finder switches respectively
embodied in the switching selector repeaters and
also to impress ground potential upon the start
conductor extending to the distributor §2. This
distributor now operates to cause the finder por-
tion of the previously assigned switching selector
repeater to search for the calling line. Thus, if
the switching selector repeater link 51 is the link
assigned to the use of the calling line, the opera-~
tion of the findef switch embodied in this link
is initiated when ground potential is impressed
upon the start conductor extending to the dis-
tributor 5. Also, when this switching selector
repeater is seized, the 'selector portion thereof
operates automatically to select and seize a re-
peater associated with an idle one of the trunk
Iines extending between the exchanges B and C.
For example, if the trunk line 371 is the first
available idle trunk line in the group of trunk
lines interconnecting the eéxchanges B and C, the
selector portion of the switching selector re-
peater 51 operates to seize the trunk line 63 ex-
tending to the repeater §0. When the repeater
§0 is seized in this manner, the control apparatus
embodied therein operates to transmit a seizing
pulse of alternating current over the trunk line
31 to the repeater 24 terminating the distant end
of this trunk line in the exchange B. The re-
peater 24, in turn, responds to the seizing pulse
of alternating current transmitted thereto by
operating to complete a loop circuit extending
by way of the link line 45 to the line circuit 23
individually associated with the trunk line 37.
The line circuit 23 now operates to mark the
link line 46 as a calling line in the bank contacts
of the finder switches respectively embodied in
the local finder-connector links provided in the
exchange B. This line circuit also operates to
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impress ground potential upon the start con-

ducter extending to the distributor 26, whereby -

the operation of the finder switch embodied in a
previously assigned one of the local finder-con-
nector links is initiated. When the wipers of this
finder switch encounter the contacts terminating
the conductor of the link line 46, the operation
of the finder switch is arrested and the loop cir-
cuit extending from the repeater 24 and by way
of the link line 45, the line circuit 23 and the
link line 46 is switched through to the connector
portion of the link. Also, the line circuit 23 oper-
ates at this time to remove ground potential
from the start conductor extending to the dis-
tributor 26 and the control apparatus of the
seized local finder-connector. link operates to
mark the lirie'as busy in the bank contacts of the
distributor switch 26. Following the extension
of the loop circuit from the repeater 24 to the
operated locdl finder-connector link in the man-
ner just described, no further operation of this
equipment occurs until the dialing operation is
started at the calling substation T: As indi-
cated above, during the interval when the selector
portion of the switching selector repeater 5{ is
operating to select an idle one of the trunk lines
extending to the exchange B, the finder portion
of the link operates to search for the calling line
59, When this calling line is found, the operation
of the finder switch is arrested and the calling
loop circuit is switched through to the control
apparatus of the link. Following this switching
through operation, the line circuit 55 operates to
. remove ground - potential from the distributor
start conductor, and the control apparatus of
the switching selector repeater 51 operates to
mark this switching unit as busy in the dis-
tributor 52. The distributor 52 now operates to
select. the next available idle switching selector
repeater for use in completing a connection on
the next call. The control apparatus of the
switching selector repeater 5i responds to the im-
pulses of the first digit dialed at the calling sub-
station Ts¢ by operating to determine whether
the call is of a local character or is a toll call
intended for one of the toll operators’ positions.
This control apparatus also functions to repeat
the impulses of the first digit over the trunk line
63 to the repeater 50 associated with the trunk
line 31. The control apparatus embodied in this
repeater operates to convert the received direct
current impulses transmitted thereto over the
trunk line 63 into corresponding pulses of alter-
nating current which are transmitted by way of
the trunk line 37 to the distant repeater 24. The
control apparatus of the last-mentioned repeater,
in turn, operates to reconvert the received pulses
of alternating current into corresponding direct
current impulses which are transmitted over the
loop circuit comprising the link lines 45 and 46
to the connector portion of the operated local
finder-connector link located in the exchange B.
As a result, the connector switch of the operated
local finder-connector link operates to select a
particular group of lines in response to the im-
pulses of the first digit dialed at the calling sub-
station Ts. In the present case wherein the call
is intended for the substation Te associated with
the line 60, the operation of the operated local
finder-connector switch provided in the exchange
B is without effect since the response of the
control apparatus embodied in the switching
selector repeater 81 indicates that the call is of a
tocal character. More particularly, at the end of
the first series of impulses, the control apparatus
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embodied in the switching selector repeater 5i
operates to open the loop circuit extending by
way of the trunk line 63 to the two-way repeater
50, thereby to initiate the release of this repeater,
the trunk line 37, the repeater 24, the line circuit
23 and the operated local finder-connector link
provided in the exchange B, all in the manner
explained subsequently. The control apparatus
embodied in the link 51 also functions, at the
end of the first series of impulses, to cause the
selector portion of the link automatically to
select an idle one of the local connector switches
provided in the exchange C. Assuming, for ex-
ample, that the local connector switch 54 is the
first available idle switch of this character, when
this switch is selected by the selector portion of
the link 51, a loop circuit is established thereto
and the control apparatus thereof is conditioned
to respond to the impulses of further digits dialed
at the calling substation T4, The impulses of
these further digits are repeated by ‘the control
apparatus of the switching selector repeater 5l
over the established loop circuit extending to the
local connector switch 58, This connector switch
responds to the impulses of the first series trans-
mitted thereto by operating to select the particu-
lar group of lines including the called line 60.
Finally, the local connector switch 54 responds
to the impulses of the second series of impulses
transmitted thereto and representing the third
digit dialed at the calling substation by operating
to select the called line 60 from the previously
selected group of lines. When the called line is
selected, it is tested by the control apparatus of
the local connector switch 54 to determine the
idle or busy condition thereof and if found busy,
the usual busy tone signal is returned to the call-
ing subscriber. On the other hand, if the line is
idle, ringing current is projected thereover to
energize the signal device provided at the called
substation and the usual ring-back tone signal is
returned to the calling subscriber. Finally, the
desired talking circuit between the substations Ts
and Ts is fully completed when the call is
answered at the called substation, the control ap~

" paratus embodied in the local connector switch
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54 being arranged to respond to this operation by
operating to arrest the ringing operation and by
performing the final line switching operation in-
cident to the completion of the desired talking
circuit. ‘The release of the operated switch train
extending between the calling substation T4 and
the called substation Tes is entirely under the
control of the calling subscriber., More particu-
larly, when the connection is cleared out at the
called substation Ti, the loop circuit extending
to the switching selector repeater 51 is inter-
rupted and this link restores to normal. During
its release, the switching selector repeater 51
operates to open the loop circuit extending to the
local connector switch 54 and to remove guarding
ground potential from the control conductor of
the calling line 59. Also, during its release the
switching selector repeater is marked as idle in
the distributor 62. When ground potential is re-
moved from the control conductor of the line 59
the line circuit 55 is restored to normal and the
calling line is marked as idle in the bank con-
tacts of the connector switches having access
thereto. When the loop circuit extending to the
local connector switch 58 is interrupted, this
connector switch is restored to normal in the
usual manner, During its release the connector
switch 54 operates to remove guarding ground
potential from the control conductor of the called
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line 60, whereby this line is also marked as idle
in the bank confacts of the connector switches
having access thereto and the line circuit 58 is
restored to normal.

Toll calls initiated at substations associated
with lines terminating at the exchange C are
routed over the trunk lines extending between
this exchange and the exchange B and through
the automatic switching apparatus provided in
the last-mentioned exchange to the toll oper-
ator’s position 14 or to the toll operator’s posi-
tion 10 located in the exchange A. Thus, the
switching selector repeater link 51 and the other
links corresponding thereto only have access to
the repeaters which are associated with the
trunk lines extending to the exchange B and the
local connector switches provided in the ex-

change C are only used in completing local calls.

Hence, it will be apparent that the trunk line

65 extending between the exchanges C and D .

cannot be taken for use by the automatic switch-

Ly
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ing apparatus provided in the exchange C on a

call originating at a substation associated with
a line terminating at this exchange. As pointed
out above, the arrangement of the apparatus is
such that each time a call is initiated on one

of the lines terminating at the exchange C a

connection is established over one of the inter-
office trunk lines connecting this exchange with
the exchange B to a local finkler-connector link
provided in the last-mentioned exchange. Thus
and considering again the call as initiated at the
substation Ti, if this call is a toll call requir-
ing the assistance of one of the toll operators for

completion, the calling subscriber dials the two

digits of the above-mentioned directory number
01 designating a toll operator’s telephone sta-
tion. The impulses of the first digit are trans-
mitted through the repeater chain comprising

the two alternating current repeaters 59 and 24 .

to the seized local finder-connector link located
in the exchange B. Assuming, for example, that
the link 25 is assigned to the use of the call by
the distributor 26, the connector portion of this
link operates in response to the impulses of the
first digit by selecting the group of trunk lin-s
including the line 36 extending to the operator's
- position 14 located in the exchange B. In this
case the number of impulses of the first digit is
such that the control apparatus embodied in the
switching selector repeater 51 does not operate,
at the end of the digit, to open the loop circuit
extending to the repeater 50. Also, the character
of the digit is such that the control apparatis
embodied in the switching selector repeater 51
does not operate to select an idle one of the
local connector switches provided in the ex-
change C. When the second digit comprising a
single impulse is dialed at the calling substation
Ty, the two-way repeater 50 operates to trans-
mit a corresponding pulse of alternating current
over the trunk line 37 to the repeater 24. The
last-mentioned repeater, in turn, operates to
transmit a corresponding direct current impulse
to the connector portion of the operated finder-
connector link 25. The connector switch of the
link 25, in turn, responds to the received impulse
by operating to select an idle one of the trunk
lines as, for example, the line. 36 extending to
the operator’s position {4 located in the exchange
B. From the preceding description it will be
apparent that if the call under considzration is
initiateq at a time when the operator in the ex-
change B is on duty, the operation of the con-
nector switch embodied in the link 25 to seize
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the trunk line 36 and to switch the loop circuit
through to this trunk line results in the ener-
gization of the line signal lamp individual to -
this trunk line and provided at the operator’s
position {4. Thus, the operator on duty at the
position {4 is informed that an incoming call on
the line 36 should be answered. Upon answer-
ing .the call the desired conversational circuit
between the operator’s telephone station and the
calling substation T; is fully established. Thus,
the operator may converse with the calling sub- .
scriber to determine the particular service or
connection desired. If the toll call originating
at the substation Ts is initiated at a time when
the operator’s position (4 is not attended, the
connection is forwarded over the trunk lines 36
and 40 through the repeater I6 and over the
trunk lines 28 and 12 to the operator’s position
i0 in the exchange A. Thus, in the last-men-
tioned case the transfer switch 800 is operated to
a position such that the trunk line 36 is con-
nected to the trunk line 40 and the trunk line
12 is connected to the trunk line 28. Hence,
when the connector portion of the local finder-
connector link 25 operates to switch the loop cir-
cuit extending from the repeater 24 through to
the trunk line 36, the repeater 16 is seized and
operates to transmit a seizing pulse of alternat-
ing current by way of the trunk lines 28 and 12 -
to the trunk circuit apparatus 0. in the manner
explained previously. The trunk circuit appara-
tus 10 responds to the alternating current seiz-
ing pulse by energizing the line signal lamp indi-
vidual to the line {2, thus indicating to the oper-
ator on duty at the position 10 that an incom-

ing call on the trunk line 12 should be answered.

The operator attending the position 10 may now
answer the call and converse with the calling
subscriber to determine the particular service
or connection desired. If the toll call originat-
ing at the substation T4 is routed to the oper-
ator’s position 14 in the exchange B, the release
of the operated switch train is primarily under
the control of the calling subscriber. More par-
ticularly, when the connection is cleared out at
the calling substation, the loop circuit extending
to the switching selector repeater 51 is inter-
rupted and this repeater is caused to restore.
During its release, the switching selector re-
peater 51 removes guarding ground potential
from the control conductor of the calling line
59, thereby to cause the release of the line cir-
cuit 55 and to mark the calling line 59 ‘as idle.
Also, during its release, the switching selector
repeater 51 operates to mark itself as idle in the
distributor 52 and to interrupt the loop circuit
extending by way of the. trunk line 63 to the
operated repeater 51. When the last-mentioned
loop circuit is interrupted, the control appara-
tus embodied in the repeater 50 operates to re-
lease this repeater and to transmit a relatively
long pulse of alternating current over the trunk
line 37 to the repeater 24 terminating the dis-
tant end of this trunk line. The rcpeater 24
responds to the relatively long pulse of alternat-
ing current transmitted thereto by restoring to
normal. - During the release of this repzater, thz
loop circuit which extends by way of the line
46, the line circuit 23, the line 45, the local find-
er-connector link 25 and the trunk line 36 to the
trunk circuit apparatus terminating the last-
mentioned trunk line at the operator’s position,
is interrupted. The trunk circuit apparatus ter-
minating the trunk line 36 at the operator’s posi-
tion 14 now operates to energize the supervisory
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. lamp includeq therein and individual o the line
36, thus indicating to the operator on duty. at
 the position {4 that the connection routed by
way of this trunk line is ready to be released.
-Also, when the loop circuit extending by way of
the trunk line 36 to the trunk circuit apparatus
terminating this line is interrupted, this trunk
circuit apparatus operates to remove holding
ground potential from the control conductor of
the trunk line 36, thereby to initiate the releasc
of the local finder-connector link 25. During
the release of the link 25 the line circuit 23 is
restored to normal and the operated link is
marked as idle in the distributor switch - 23.
Thus, the toll connection as routed to the oper-
ator’s position {4 from the substation Ts is com-
pletely released. On the other hand, if the toll
call initiated at the substation T is routed to
the operator’s position 10 in the exchange A, the
release of the operated repeater {6 and of the
trunk circuit apparatus 10, provided at the op-
erator’s position 10 is under the control of the
operator on duty at this position in the exchange
A. More particularly, when the calling loop cir-
- cuit extending from the substation Ts to the
switching selector repeater 51 is interrupted, this
repeater, the line circuit 55, the repeater 50 and
the repeater 24 are all released in the manner
just explained. During the release of the re-
- peater 24, the loop circuit extending through
the operated local finder-connector link 25 fo
the two-way repeater 16 is interrupted. The
control apparatus in the last-mentioned repeat-
er now operates to remove holding ground po-
tential from the control conductor of the trunk
line 40, whereby the operated local finder-con-
nector link 25 and the line circuit 23 are caused
to restore. Also, when this loop circuit is inter-
rupted, the control apparatus embodied in the
two-way repeater i6 operates to cause a rela-
tively long pulse of alternating current to be
transmitted by way of the trunk lines 28 and
2 to the trunk circuit apparatus 0. locateg at
the operator’s position {0. This trunk circuit
apparatus now operates, in the manner previ-
ously explained, to energize the supervisory lamp
provided at the operator’s position 10 and indi-
vidually associated with the trunk line {2, thus
indicating to the operator attending this oper-
ator’s position that the connection routed by
way of the trunk line 12 is ready to be released.
As previously described, the repeater 16 is effec-
tively released when the loop circuit extending
thereto from the repeater 24 and through the
local finder-connector link 25 is interrupted.
When, however, the operator on duty at the op-
erator’s position 18 clears out the connection at
this position to initiate the release of the trunk
circuit apparatus (0., this apparatus operates
to transmit a relatively long pulse of alternat-
ing current over the trunk lines 12 and 28 to the
repeater 16, thereby effectively to reseize this
repeater. The repeater 16 responds to the last~
mentioned alternating current pulse by operat-
ing to complete a loop circuit extending by way
of the trunk lines 29 and 30 to the incoming con-
nector switch {71, whereby this incoming con-
nector switch is seized. This control apparatus
embodied in the repeater 16 and provided for
the purpose of forcibly releasing this repeater
is also started into operation in response to the
last-mentioned pulse of alternating current
transmitted to the repeater {6 over the trunk
lines 12 and 28. Ajpredetermined time interval
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the repeater 16 operates to release this repeater
and to open the loop circuit extending to the in-
coming connector switch 17, causing this incom-
ing connector switch to be released. Thus, the
toll connection as established between the sub-
station Ts: and the operator’s position 10 located
in the exchange A is fully released.

The manner in which local connecticns are
established between subscribers’ lines terminat-
ing at the exchange E is substantially similar to
the mode of completing local connections be-
tween the subscribers’ lines extending to the ex-
change C as described above. Thus, considering
a call originating at the substation Ts associated
with the line 16 and intended for the substation
T, by way of example, the operation of the
automatic switching apparatus provided in. the
exchange E to complete the desired connection
is initiated when the calling subscriber at the
substation Ts removes the receiver provided at
this substation from its associated supporting
hook or cradle. More particularly, when the
receiver at the substation Ts is removed from its
hook, a loop circuit is completed to the line cir-
cuit 78, causing this line circuit to operate to
mark the calling line in the finder switches re-
spectively embodied in the switching selector re-
peater links and to impress ground potential upon
the start conductor extending to the distributor
81. Assuming that the switching selector re-
peater 80 is assigned by the distributor 81 to the
use of the calling line, the operation of the finder
switch embodied in this repeater is initiated when
ground potential is impressed upon the distrib-
utor start conductor. When the wipers of this
finder switch are operated into engagement with
the contacts terminating the conductor of the
line 16, the operation thereof is arrested and
the calling loop circuit is switched through to
the selector portion of the repeater. During
the interval when the finder switch of the seized
selector repeater is operating to search for the
calling line, the selector portion of this repeater
operates to select an idle one of the trunk lines
extending from the exchange E to the exchange
B. Assuming for example, that the trunk line
31’ is the first available idle line extending to
the exchange B, the operation of the selector por-
tion of the switching selector repeater 80 is ar-
rested when the wipers of the selector switch
embodied in this repeater are operated into en-
gagement with the contacts terminating the
trunk line 83. This trunk line is, when idle,
connected to the trunk line 31’ through the con-
tact springs of one of the switching relays em-
bodied in the incoming connector switch 84.
Also, the trunk line 31’ is, when idle, connected
by way of the contact springs of one of the relays
embodied in the repeater 20 through to the line
circuit 21. Hence, when the switching selector
repeater 80 operates to select the link line 83
and to complete a loop circuit extending by way
of this link line, the line circuit 24 is caused to
operate to mark the link line 47 as a calling line
in the bank contacts of the finder switches re-
spectively embodied in the local finder-connector
links provided in the exchange B. The line cir-
cuit 2, upon operating, also functions to im-
press ground potential upon the start conductor
extending to the distributor 26, whereby the
finder portion of a previously assigned finder-
connector link, such, for example, as the link
25, is caused to operate to seize the marked call-
ing line 41. Thus, when the switching selector
‘repeater 80 operates to seize the trunk line 83,



& cotinection is automatically routed as far as one
of  the local finder-connector links provided in
the exchange B and the seized link in this ex-
‘change is conditioned to respond to operation
of the calling device provided at the calling sub-
station. Here again, the character of the first
-digit dialed at the calling substation determines
- whether the connection will be routed to a local
connector switch provided in the exchange E or
to a toll operator’s position in one of the ex-
changes A and B. During the impulses of this
first digit, the control apparatus embodied in
the switching selector repeater 80 operates to
repeat the impulses over the established loop
. circuit comprising the trunk lines 83 and 31’ to
- the operated. local finder-connector link located
in the exchange B. For example, if the link 25
is assigned to the use of the calling line 41, the
impulses of the first digit are repeated to the
connector portion of this link so that the connec-
tor switch of the link operates to select one of
the groups of lines terminating thereat. In the
present case wherein the connection is to be
routed to the subscriber’s line 11, the control
apparatus embodied in the switching selector
repeater 80 operates at the end of the first digit
dialed at the calling substation automatically to
select an idle one of the local connector switches
provided in the exchange E and having access
to the called line 11. This control apparatus
further functions to interrupt the completed loop
circuit extending by way of the trunk line 83 to
- the operated local finder-connector link located
in the exchange B, thereby to initiate the release

of this link in the manner explained subsequent- .

ly. Assuming that the local connector switch 82
is the first available idle local connector switch,
when the selector portion of the-switching se-
“lector. repeater 80 operates to seize the trunk
line incoming to this swifeh, the control appa-
ratus of the local connector switch 82 is con-
ditioned to respond to the impulses of further
digits dialed at the calling substation. During
the dialing of the second digit at the calling sub-
station Ty, the control apparatus of the switch-
ing selector repeater 80 operates to repeat the
impulses to the local connector switch 82, which
connector switeh, in turn, responds to the re-
peated impulses by selecting the particular group
of lines including the called line 71. Thereafter
and when the third digit is dialed at the calling
substation Ts, the local connector switch 82 op-
erates to select the called line 17 from the se-
lected group of lines. Following the selection of
the called line, the control apparatus embodied
in the local connector switch 82 operates to test
the called line to determine the idle or busy con-
. dition thereof and to return busy tone to the
calling subscriber in the event the line is busy.
If the called line is idle at the time it is se-
lected by the connector switch 82, ringing cur-
- rent ‘Is projected thereover to energize the sig-
nal device provided at the called substation and
the usual ring-back tone signal is returned over
the line 16 to the calling subscriber. Finally,
the ringing -operation is arrested and the desired
talking circuit is completed when the call is
answered at the called substation Tiw. The re-
lease of the connection as established between
the two substations Ts and T is entirely under
the control of the calling subscriber. Thus, when
the connection is cleared out at the calling sub-
station Te, the calling loop circuit extending to
the switching selector repeater 80 is interrupted
and this repeater {\restores to open the loop cir-
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cuilt extending to the local connector switch 82.
During its release the switching selector re--
peater .80 also marks itself as idle in the dis~
tributor 81 and removes guarding ground poten-
tial from the control conductor of the -calling
line 16, whereby the line circuit 78 is restored
to normal and the line is marked as idle. When
the loop circuit' extending from the switching
selector repeater 80 to the local connector switch
82 is interrupted, the last-mentioned switch re-
stores and removes ground potential from the
control conductor of the called line 11, whereby
the line circuit 19 is released and the line 17 is

- marked as idle. Thus, the connection is entirely
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released and the calling and called lines 16 and
11, respectively, are both marked as idle in the
bank contacts of the connector switches having
access thereto. : i

If the call as initiated at the substation Tu

is a toll call, the calling subscriber dials the two

digits of the directory number designating an
operator’s telephone station,. More particularly,
the calling subscriber dials the directory number

- comprising the digits 0 and 1 so that ten im-

pulses are delivered to the connector switch of
the operated local finder-connector link 25 with
the result that this connector switch operates
to select the group of trunk lines including the
line 36 extending to the operator’s position 14
in the exchange B, When the first digit 0 is
dialed, the control apparatus embodied in the
switching selector repeater 80 does not operate
to release the operated switch train including
the finder-connector link 25 located in the ex-
change B. Moreover, when this particular digit
is dialed, the switching selector repeater does
not operate at the end thereof to select an idle
one of the local connector switches provided .in
the exchange E. When thereafter the second
digit comprising a single impulse is dialed at the
calling substation, the switching selector repeater
80 operates to repeat the impulse over the trunk
lines 83, 31’ and 47 to the connector switch of
the operated local finder-connector link 25. The
connector switch of this link now operates to
select an idle one of the trunk lines as, for ex-
ample, the line 36 extending to the operator’s
position 14 located in the exchange B. From this
point on the manner in which a connection is
completed to the operator’s position (4 in the
exchange B or to the operator’s position 10 in
the exchange A is exactly.the same as described
previously with reference to the toll call initiated
at the substation T:. Here again, the release of
the switch train extending as far as the operated
local finder-connector link 25 is under the con-
trol of the calling subscriber located at the sub-
station Ty, More particularly, when the con-
n_ectlon is released at this substation, the loop
circuit extending to the switching selector re-
peater 80 is interrupted causing this repeater to
restore to open the loop circuit extending by way
of the trunk lines 83, 31’ and 41 and through the
operated local finder-connector link 25 to the
trunk circuit apparatus terminating the trunk
line 36 or to the repeater 16 terminating the
trunk line 40. In either case, when this loop
.c1rcuit i3 interrupted, hoiding ground potential
is removed from the control conductor of the
trunk line 36, thereby to initiate the release of
the local finder-connector link 25. During its
release this local finder-connector link operates
to remove guarding ground potential from the
control conductor of the trunk line 41, whereby
the line circuit 21 restores to normal to mark
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the repeater 20 as idle in the bank contacts of
the connector switches having access thereto.
During the release of the switching selector re-

peater 80, ground potential is removed from the -

control conductor of the trunk line 83, whereby

" the trunk line 31’ is marked as idle in the bank
contacts of the switching selector repeaters hav-
ing access to this trunk line. During its release,
the switching selector repeater 80 also functions
to mark itself as idle in the distributor switch
‘81 and to remove guarding ground potential from
‘the control conductor of the line 16, thereby to

-initiate thé release of the line circuit-78. Thus,
the switch train extending from the substation
Ty through the local finder-connector link 25 is
fully released.
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the line signal lamp indlvldually associated with
the trunk line 12. When the operator answers
the call, the desired conversational circuit is fully
completed, so that the operator may converse
with the calling subscribér to ascertain the par-
ticular service or connection desired by the call-
ing subscriber. The connection may be further

- extended to a substation acsociated with a line
" terminating at one of the other exchanges of the

10

As pointed out previously, when an operator

is on duty at the operator’s position 14 in the
exchange B, the transfer switch 800 is operated
to a position such that the trunk line 42 extend-
ing to the exchange F is terminated at trunk
circuit apparatus located at the operator’s posi-
tion 14. Hence, toll calls originating on lines ter-
minating at the exchange ¥ are normally routed
" over one of the trunk lines in the group includ-
" ing the line 42 to the operator’s position 14 in
the exchange B, from which position the calls
may be forwarded to any desired substation of
the system under the supervision of the operator

attending this operator’s position. When, how-

ever, the operator’s position 14 is unattended, the
transfer switch 800 is operated to a position such
that the trunk line 42 is connected to the trunk
_line 4{ and, accordingly, toll calls routed over the

trunk line 42 are extended by way of the re-

peater 18, the trunk circuit {9 and one of the
- two trunk lines 44 and 44’ to the operator’s posi-
tion in the exchange A, More particularly, if the
trunk line-42 is seized by the automatic switch-
ing equipment in the exchange F at a time when
the operator’s position 14 is unattended, ringing
current is projected thereover, which current is
conducted by way of the trunk line 41 through
the repeater 18 and over the trunk line 43 to the
trunk circuit 9. The apparatus of this trunk
circuit responds to the ringing current trans-
mitted thereto by operating to select an idle one
of the frunk lines 44 and 44’ providing both of
these trunk lines are not in use. The trunk cir-
cuit apparatus 19 also functions to impress
guarding ground potential upon the respective
control conductors of the trunk lines 35 and 31,
thereby to guard the repeater 18 against seizure
by the connector switches provided in the ex-
change B. If both of the two lines 44 and 44’
are busy, the apparatus embodied in the trunk
circuit 19 operates to return busy tone to the
calling subscriber to indicate that the desired
connection can not be obtained. Assuming that
the trunk line 44, for exampile, is idle, the trunk
circuit apparatus 9 operates to establish a loop
circuit by way thereof to the repeater 16 and
also to complete a bridging path between the
line conductors of the trunk line 43, thereby to
arrest the ringing operation and to cause the
talking loop to be extended to the repeater 6.
The last-mentioned repeater responds to the
completion of the loop circuit extending thereto
and including the trunk line 44 by operating to
transmit a seizing pulse of alternating current
over the trunk lines 28 and 12 to the trunk cir-
cuit apparatus 10. located at the operator’s posi-
tion 10 in the exchange A, whereby this trunk
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system in the manner explained heéreinafter. The
release of the connection ag established between
the calling subscriber’s substation and the oper-
ator’s position 10 is partially under the control

"of the calling party and partially under the con-

trol of the operator on-duty at the operator’s
position 10. More particularly, when the calling
subscriber hangs up, the automatic switching ap-
paratus provided in the exchange F and by way
of which the connection is routed is caused to
restore to normal. During the release of this
apparatus, the loop circuit extending by way of
the trunk lines 41 and 42 to the trunk circuit 19
is interrupted with the result that this trunk cir-
cuit restores to normal to open the loop circuit
extending by way of the trunk line 44 to the
repeater 16. Also, during its release the trunk
circuit 19 operates to remove guarding ground
potential from the respective control conductors

of the trunk lines 35 and 37’, thereby to mark

these trunk lines as idle in the bank contacts
of the connector switches having access thereto.
When the loop circuit extending from the trunk
circuit apparatus (9 to the repeater 16 is in-
terrupted, this repeater restores to normal. Dur-
ing its release the repeater {6 operates, in the
manner previously explained, to transmit a rela-
tively long pulse of alternating current to the
trunk circuit apparatus 10a located at the oper-
ator’s position 10. Thus, the supervisory lamp
provided at the operator’s position 10 and indi-
vidually associated with the trunk line 12 is en-
ergized to signal the operator that the connection
routed over the trunk line 12 is ready to be re-
leased. When, thereafter, the operator clears
out the connection, the trunk circuit apparatus
102 operates to transmit another pulse of alter-
nating current back over the trunk lines (2 and
28 to the repeater 16 with the result that this
repeater and the incoming connector switch 7
are again seized. The operation of the apparatus
for forcibly releasing the repeater 16 is also
initiated when the last-mentioned pulse of alter-
nating current is transmitted to this repeater.
Hence, after a predetermined time interval the
repeater (6 is released and the loop circuit ex-
tending to the incoming connector switch (1 is
interrupted, causing the last-mentioned switch
to be released. Thus, the automatic switching
equipment utilized in establishing the connection
to the operator’s position 10 is fully released and
is rendered available for further use.

Referring now to the operation of the auto-
matic switching apparatus embodied in the sys-
tem to establish connections to the various sub-
scribers’ lines on calls routed thereto from the
operator’s position 14 in the exchange B and
considering first the operation of the apparatus
to establish a connection between the operator’s
telephone station 15 and a substation associated
with a line terminating at the exchange B, as, for
example, the line 33, it is pointed out that when
the operator’s position 14 is attended, the trans-
fer switch 800 occupies a position such that the
incoming connector switch (1 may be directly
seized by the operator on duty at this position.
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“-substation Ts.

Thus, to establlsh a connection to the subscrib-
- er's line 33, the operator on duty at the position
i4 first oper,ates the trunk-connect key indlvidual
to the trunk line 30, thereby to complete a icop
- circuit extending by way of this trunk line to the
incoming connector switch {7, When this loop

- circuit is completed, dial tone is returned there-.

over to signal the operator that the dialing oper-
‘“ation may beé started. The seized connector
switch 17 responds to the impulses of the first
* digit dialed at the operator’s position by selecting
the group of lines including the called line 33.
Thereafter and when the second digit is dialed,
the incoming connector switch 17 operates to se-
lect the called line 33 from the selected group of
lines and . to test this line to determine the idle or
busy condition thereof. If the selected line is
busy, the usual busy tone signal is returned to
the operator to indicate that the called line is in
use. On the other hand, if the called line is
idle, ringing current is projected thereover in the
“usual manner to energize the signal device pro-
vided at the called substation, and the usual
ring-back tone signal is returned to the operator
to indicate that the called substation is being
rung. Assuming that the call originated at an-
other of the substations of the system and. was
-only routed to the operator’s position 14 to ob-
" tain the operator’s assistance in completing the
desired ‘connection, the operator located at the
operator’s position {4 may, after the call is an-
swered at the called substation Ts, establish -a
link or jumper connection between the calling
and called talking circuits, thereby fully to cormi-
" plete the desired talking connection between the
calling and called substations.. Following - the
completion of this jumper connection, the super-
visory lamps, associated with the trunk lines in-
coming to the operator’s position 14 arnd included
in-the connection, dre relied upon by the oper-
ator to indicate the condition of the connection.
The arrangement of the trunk circuit apparatus

normally terminating the trunk line 30 at the.

operator’s position {4 and of the incoming con-
. nector switch {1 is such that a toll call may be
offered to a subscriber conversing over a con-
nection involving a busy line. To this end there
is provided in the trunk circuit apparatus ter-
minating the trink line 30 a toll offering switch

which is operative to impress ground potential .

upon one side of the trunk line 30, thereby to un-
balance an established loop circuit extending to
the incoming connector switch 1. When this
loop circuit is tinbalanced, in the manher just
described, the ' control apparatus embodied
therein operates to establish a talking connection
to the called line 33 even though this line is busy.
Thus, the operator may break in upon the previ~
"ously established connection and offer the toll
call to the party conversing at the called substa-
tion. If the party to whom the toll call is offered
accepts the call, the operator instructs the two
parties conversing over the previcusly established
connection to hang up; the arrangement being
- such that the release of the previously estab-
. lished connection is effected without interfer-
"ence due fo the bridging connection established
to the called line through the incoming connector
‘switch- {1, When the previously established con-
nection is fully released, the called line 33 is
" marked as idle in the bank contacts of the in-
coming connector switch 7 with the result that
this incoming connector switch operates to pro-
ject ringing current over the line 33 to again en-
ergize the signal device provided at the called
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Thereafter and when the call i§
answered at this substation, the desired conver-
sational circuit is fully established between the
operator’s telephone station 15-and the substa-
tion Ti.- The arrangement of the apparatus is
such that reverse battery control is utilized for
controlling the condition of ‘the supervisory lamp
associated with the link lines provided at the

" operator’s position 14 and utilized by the oper-

ator in completing the above-mentioned jumper
connection between the calling and called talking
cireuits.  Thus, if the called subscriber at the
substation T: desires to recall the operator at-
tending the position 14 following the completion
of the connection just described, he may do so by
operating the switch hook provided at the called .

substation to interrupt and recomplete the loop
circuit extending to this substation one or more
times. Each time this loop circuit is interrupted
and recompleted, the battery reversing relay em-
bodied in the incoming connector switch 17 re-
stores and reoperates. - The trunk circuit appa-
ratus terminating the trunk line 30 at the oper-
ator’s position 14 responds to the restoration of
the battery reversing relay embodied in the in-
coming connector switch 17 by operating to com-
plete the circuit for energizing the supervisory
lamp individual to the link line included in the

established connection.  Conversely, each time

the battery reversing relay of the connector .
switch 17 reoperates, the trunk circuit apparatus
terminating the trunk line 30 at the operator’s -
position 14 operates to open the. circuit for ener-
gizing the supervisory lamp individual to the
connection. Thus, if the calléd subscriber at the
substation T3 operates the switch hook provided
at this substation momentarily to interrupt the
loop circuit extending by way of the called line
33 a plurality of times, the stpervisory lamp in-
dividual to the established .connection is repeat-
edly energized and the flashing of this lamp in-
dicates to the operator that she is being recalled.
The release of the connection as routed from the
operator’s position 14 to the substation Ts is en-
tirely under the control of the operator attend-
ing this operator’s position. Thus, when the
connection is cleared out at the called substation,
the loop circuit extending to this substation is
interrupted and the battery reversing relay em-
bodied in the incoming connector switch 7 re~
stores to reverse battery over the trunk line 30
to the trunk circuit apparatus terminating. this
trunk line at the operator’s position 14. The
trunk circuit apparatus now operates to complete
the circuit for energizing the supervisory lamp
individual to the link line utilized in establishing
the link connection hetween the ecalling and
called talking circuits. The continucus illumi-
nation of this lamp indicates to the operator that
the connection is ready to be released. When
the connection is cleared out at the operator's po-
sition, the loop circuit extending by way of the
trunk line 30 to the incoming cennector switch
{7 is interrupted with the result that ihis incom-
ing connector switch is restored to normal. Dur-
ing its release the connector switch operates to
remove guarding ground potential from the con-
trol conductor of the subscriber’s line 83, whereby
the line circuit 27 is restored to normal and the
line 33 is marked as idle in the bank contacts of
the connector switches having access thereto.
If the call as initiated at the operator’s posi~
tion {4 and routed to the incoming connector
switch 17 1s to be extended to a substation as-
sociated with a line terminating at the exchange
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E, the operator first dials the two digits des-
ignating the trunk lines forming the trunk line
group. Interconnecting the exchanges B and E.
The incoming.connector switch T responds to
the impulses of the first digit by operdting to
select - the desired group of trunk lines. -There-
after and when the second’ digit is dialed, this
" switch operates. automatically to select an ldle
one of the lines in the selected group. Assum-
. ing, for example, that the trunk line 31’ is the

10

first: available idle line in the group, the incom- -

ing connector switch 17 operates to. seize the
trunk line 31 and to switch the calling loop cir-
‘cuit through to the two-way repeater 20. When
this. Joop circuit is- completed, the control ap-
.. paratus embodied in the repeater 20 operates to
" complete & loop circuit extending by way of the

. trunk line 31’ to the incoming connecfor switch

84 located in the exchange E. The operation
of the repeater 20 also results in the operation
. of the line circuit 21 to impress guarding ground
potential upon the control conductor of the trunk
line 38, thereby to mark the trunk line 31’ as
busy in the bank contacts of the other con-
nector switches having access to this line, When
the loop circuit extending by way of the trunk
line 31’ to the incoming connector switch 84
is completed, this connector switch is condi-
tioned to respond to further impulses dialed at
the calling operator’s telephone station. During
the impulses of the third digit dialed by the
operator, the repeater 20 operates to repeat the
‘impulses. to the incoming connector switch 84
with the result that the indicated incoming con-
nector switch operates to select the particular
group of lines including the called line. Sim-
ilarly, during the impulses of the fourth. digit
dialed by the operator, the repeater 20 opersates
to repeat the impulses to the incoming con-
‘nector switch 84 and this switch responds by
-selecting the desired called line from the previ-
ously selected group of lines. Assuming, for ex-
ample, that the substation Tio associated with
the line 71 is the substation desired by the call-
ing subscriber, the incoming connector switch
84 operates to select the line 1T and to test the
same to determine the idle or busy condition
thereof. If the -called line is idle, ringing cur-
rent is projected thereover to energize the signal
device provided at the called substation "and
the usual ring-back tone signal is returned to
the operator to indicate that the called sub-
station is being riung. Finally, the talking cir-
cuit between the called substation Tio and the
operator’s telephone station 15 is completed
when the call is answered at the called substa-
tion. By utilizing one of the link lines provided
at the operator’s position {4, the operator may
establish a link or jumper connection between
the calling and called talking circuits, thereby to
complete the desired talking connection between
the calling and called substations. If the called
line 11 is busy at the time it is selected by the
incoming connector switch 84, the usual busy
tone signal is returned to the operator’s posi-
tion 4 to indicate to the operator that the
called line is already occupied with a call.” Upon
receiving busy tone, the operator may either re-
lease the established connection extending to the
called line or break in upon the previously es-
tablished connection and offer the toll call to
the subscriber located at the called substation.
Assuming that the operator elects to offer the
toll call to the party at the called substation, she
may do so by operating the toll offering switch
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. and offer the toll call to this subscriber.
‘subscriber ‘at the called substation accepts the
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embodied in.the trunk circuit apparatus ter-
minating the trunk line 30, thereby to unbal-
ance the loop circuit-extendmg through the in-
coming. connector switch and by way of the
trunk line 8f to the repeater 20 in the man-
et previously explained. 'The control apparatus
embodied in the repeater 20 responds to the un-
balanced condition of the .loop circuit incoming -

thereto by operating to impress ground poten-

tial upon one of the conductors of the trunk
line 31’, thereby to unbalance the loop circuit
extending to the incoming connector switch 84.
When this last-mentioned loop circuit is unbal-
anced, the control apparatus of the incoming
connector switch 84 operates to establish a talk-
ing circuit to the called subscriber’s line, whereby
the operator at the operator’s position {4 may
converse with the party using the substation Tio
If the

toll call, the operator instructs the parties con-
versing over the previously established connec-
tion to hang up. When this previously estab-
lished connection is cleared -out, the automatic

‘switching equipment by way of which the con-

nection exterids is released and the called line
11 is marked as idle in the bank contacts of
the incoming connector switch 84. The incoming
connector switch 84 now operates to project ring-
ing current over the called line 11 for the pur-
pose of energizing the signal device provided at
the called substation. Finally, when the call is
answered at this substation, the ringing opera-
tion is arrested and the desired talking circuit
extending to the operator’s telephone station {6
is fully completed. Following the completion
of a connection between the substation Ty and
another calling substation of the system on a

call routed by way of the operator’s position (4,

supervision: of the connection is provided by the
supervisory signal lamp individually associated
with the link line utilized in establishing a jump-
er connection between the calling and called
talking circuits. Here again, reverse battery con-
trol is utilized for the purpose of controlling
the condition of the indicated supervisory lamp.
Thus, if the called subscriber at the substation
Tio desires to recall the operator attending the
position 14 after the talking connection extend-
ing to the substation Tio from the calling sub-
station is fully completed, he may do so by mo-
mentarily interrupting and recompleting the loop
circuit extending to the called substation one
or more times. Each time this loop circuit is
interrupted, the battery reversing relay provided
In the incoming connector switch 84 restores to
reverse battery back over the trunk line 31’ to
the repeater 20.. The battery reversing relay
equipment embodied in the repeater 20, in turn,
responds to the reversal of battery over the
trunk line 31’ by reversing battery back over
the trunk lines 3! and 30 to the trunk circuit
apparatus terminating the trunk line 30 at the
operator’s position 4. 'This trunk circuit ap-
paratus responds to the last-mentioned battery
reversal by operating to complete the circuit for
energizing the supervisory lamp associated with
the link line by way of which the established
connection extends. Similarly, each time the
loop circuit extending to the called substation
is recompleted, the battery reversing relay em-
bodied in the incoming connector switch 84 re-
operates to again reverse battery over the trunk
line 31’ to the repeatér .20 with the result
that the battery reversing relay equipment em-
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e bodied in this repeater operates to again reverse
. battery over the trunk lines 31 and 30 to. the
.- trunk circuit apparatus terminating the trunk
line 30 at the operator’s position 14. ' This trunk

‘circuit apparatus responds to the battery re-
versals of the last-mentioned character by oper-

. ating to open the circuit for  energizing the

- supervisory lamp lndlvidually associated with the

link line in use. Thus, if the loop circuit ex-.

tending to the called substation T1o is momen-~
tarily interrupted a number of times, the super-~
visory lamp iIndicating the condition of the con-
nection is intermittently energized to signal the
. operator that she is being recalled from the
called substation. The release of the connection
. as routed from the operator’s position 4 to the
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called substation Tio is under the control of the .

operator attending the operator’s position 14,

‘More particularly, when the connection is cleared

out at the called substation, the battery re-

versing relays of the incoming connector switch

84 anc the repeater 20 cooperate to reverse bet-
tery over the trunk lines 31 and 30 to the trunk

circuit. apparatus terminating the last-men-

tioned trunk line, with the result that the super-
visory ' lamp indicating - the condition of the
established connection is continuously energized
to signal the operator that the connection is
ready to be released. When the conmection is
cleared out at the operator’s position 14, the
loop circuit extending by way of the trunk line
30 through the incoming connector switch 17
and over the trunk line 31 to the repeater 20 is
interrupted, whereby this repeater is caused to
restore to open the loop circuit extending by
way of the trunk line 31’ to the incoming con-
nector switch 84. During its release, the re-
peater 20 also functions to remove ground po-
tential from the control conductor of the trunk
line 34, thereby to initiate the release of the
incoming connector switch 11. When the re-
-peater 20 is returned to normal, the line circuit
2( is also released and guarding ground poten-
tial is removed from the control conductor of
the trunk line 38, thereby to render the repeater
20 accessible to the connector switches provided
in the exchange B. When the loop circuit ex-
tending to the incoming connector switch 84 is
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interrupted, this incoming connector switch re- - -

stores to normal in the usual manner, During
the release of the incoming connector switch 84,
ground potential is removed from the control
conductor of the called lne 711, whereby . this
line 1s marked as idle in the bank contacts -of
the connector switches having access thereto and
the line circuit 79 is released. 'Thus, the con-
nection as established between the operator’s
position 14 and the called substation T is fully
released and the apparatus utilized in complet-
ing the connection is rendered available for
further use.

It will be apparent from the preceding de-
scription that when the operator’s position 14
is attended and the transfer switch occupies a
position connecting the conductors of the trunk
line 42 to trunk circuit apparatus provided at
the operator’s position 4, calls may be routed
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from the operator’s telephone station 15 over the

trunk line 42 and through the automatic switch-
- ing equipment provided in the exchange F with-
out utilizing any of the automatic switching ap-
paratus provided in the exchange B. The man-
ner in which such connections are established
and released is substantially similar to the mode

70

of establishing and releasing the above described 78
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connection extending . between the operator’s
telephoné station {5 and the substation 4.

- If the call initiated at the operator’s telephone
statlon 18 is to be routed to a substation asso-

“clated with a line terminating at the exchange ’

C, such, for example, as the substation Tsi con-
nected to the line b9, the operator, upon seizing
the incoming connector switch 11, in the manner
explained- above, dials-the two- digits designdting
the group of trunk Ilines interconnecting the
exchanges B and C. At the end of the second
digit, the incoming connector switch 11 operates
automatically to select and seize & repeater asso-
clated with an idle one of the selected group of
trunk lines. For example, if the trunk line 87
is the first. available idle line of the seiected
group, the incoming connector switch 17 operates
to seize the trunk line 32 extending to the re-
peater 24 and to switch the calling loop circuit
through to this repeater. When the repeater 24
is seized, the control apparatus embodied therein
operates to impress holding ground potential
upon the control conductor of the trunk line 32,

thereby to maintain the incoming connector'

switch 17 operated, and also to transmit a seiz-
ing pulse of alternating current over the trunk
line 817 to the repeater 50 terminating the distant
end of this trunk line. The.last-mentioned re-
peater responds to the seizing pulse of alternat-
ing current transmitted thereto over the line 31
by operating to complete a loop circuit extending
by way of the trunk line 6{ to the associated
incoming connector switch 53. - Thus, the switch.
train ‘comprising the incoming connector switch
#1, the two repeaters 24 and 50 and the incoming
connector switch b3 is conditioned to respond to
the impulses making up the line selecting digits
designating the called line 59. During the oper-
ation of the calling device provided at the oper-

ator’s telephone station {5 to transmit the im-
pulses meaking up the two digits representing
the directory number of the substation Ts, the
control apparatus embodied in the repeater 24
responds to the received direct current impulses
and operates to transmit corresponding pulses
of alternating current over the trunk line 37 to
the repeater 50. The relay equipment embodied
in the repeater 50, in turn, reconverts the alter-
nating current pulses into corresponding direct
current impulses which are transmitted over the
loop circuit comprising the trunk line 61 to the
incoming connector switch 68. ' 'This incoming
connector switch responds to the first series of
impulses by operating to select the particular
group of lines which includes the called line §9.
During the impulses making up the second digit
of the directory number designating the sub-
station Ty, the incoming connector switch 53
operates to select the called line 59 from the
previously selected group of lines. - Following the
selection of this line, the control apparatus em-
bodied in the connector swit¢h 63 functions to
test the line for the purpose of determining the
idle or busy condition thereof. Assuming the
line to be idle, ringing current is projected there-
over from the incoming connector switch 53 to
energize the signal device provided at the ealled
substation T4 and the usual ring-back tone signal
is returned through the operated switch train
to the operator’s position 14 to indicate to the
operator that the called substation is being rung,
Finally, the ringing operation is arrested and
the ‘desired talking circuit between the opera-
tor’s telephone station §5 and the called substa-
tion T is completed when the call is answered
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at the last-mentioned substation. After the call
is answered, the operator supervising the call at
the operator’s position {4 may complete a talk-
ing' connection between the calling and called
talking circuits, in the manner previously ex-
plained, by utilizing one of the link lines provided
at the operator’s position 14 for this purpose.
. After the connection between the calling and
called substations is fully completed, the opera-
tor on duty at the position {4 may rely upon
the supervisory signal lamp associated with the
link line in use to indicate when the connection
is ready to be released. ) .

If the called line §9 is busy at the time it is
selected by the incoming connector switch 58, the
control apparatus embodied in this connector
switch operates to return the usual busy tone sig-
nal over the partially established connection to
-the operator’s telephone station 18§, whereby the
operator is informed that the called line is busy.
The calling operator may now clear out the con-
nection to initiate the release of the switch train
set up in the manner just described, or she may
break in upon the previously established connec-
tion Including the called line 59 and offer the toll
call to the party using the substation Ti. If the
operator elects to offer the call to the party using
the called substation Ts, she actuates the toll of-
fering switch embodied in the trunk circuit ap-
paratus terminating the trunk line 30, thereby to

<
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talking circuit between the calling substation
and the called substation T4 and disconnects from
the established talking circuit, she relies upon the
supervisory lamp associated. with the link line
provided at the operator’s position 14 and utilized
in conuecting the calling and called talking cir-
cuits together to inform her as to the condition
of the connection. . Thus, if the called subscriber
at the substation T: desires to recall the operator
attending the operator’s position 14, he may do
80 by operating the switch hook provided at the
substation T: momentarily to interrupt one or
more times the loop circuit extending to this sub-
station, Each time this loop circuit is inter-
rupted, the battery reversing reldy provided in
the incoming connector switch 53 operates to re-
verse battery over the trunk line 61 to the re-
peater 50, which repeater responds to the battery
reversal by transmitting a relatively short super-
visory pulse of alternating current over the
trunk line 37 to the repeater 24. 'The repeater 24
responds to the relatively short alternating cur-
rent supervisory pulse by reversing battery back
over the loop circuit extending by way of the
trunk iine 82 and through the incoming con-
nector switch 171 to the trunk circuit apparatus

. terminating the trunk line 30 at the operator’s

30

unbalance the loop  eircuit - extending through .

the incoming connector switch 1T and over the
trunk line 32 to the repeater 24. When this
loop circuit is unbalanced, the control apparatus
embodied in the repeater-24 operates to cause
a supervisory pulse of alternating current to be
transmitted over the tfrunk line 37 to the repeater
50. The length of this pulse is substantially
greater than that of the alternating current seiz-
ing pulse mentioned above and.is also greater
than the duration of the individual alternating
‘current switch control pulses transmitted to the
repeater 50 during impulsing. The repeater 50
responds to the supervisory pulse of alternating
current transmitted thereto by momentarily un-
" balancing the loop circuit extending by way of
the trunk line 6if to the incoming connector
switch 53, The last-mentioned switch, in turn,
responds to the unbalanced condition of the loop
circuit incoming thereto by operating to establish
a brideging connection to the called line §9.  When
this bridging connection is established, the de-
sired talking circuit extending between the op-
erator’s telephone station 15 and the called sub-
station T4 is completed, whereby the calling op-
erator may break in upon the conversation be-
ing heid over. the previously established connec-
tion and offer the toll call to the party using the
substation Ts. If the toll call is accepted, the
operator instructs the two parties conversing over
the previously established connection to hang up.
During the release of the previously established
connection including the called line 58, this line
is marked as idle in the bank contacts of the in-
coming connector switch 63. The indicated in-
coming connector switch now operates to project
ringing current over the called line 59, thereby to
energize the signal device provided at the called
substation. When the call isansweredat this sub-
station, the ringing operation is arrested and
the desired talking circuit is fully established
. between this substation and the calling operator’s
telephone station 15, .
As Indicated sbove, after the operator on duty
at the operator’s position 14 completes the desired
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position .14. This trunk eircuit apparatus re-

sponds to the last-mentioned battery reversal
by operating to complete the circuit for energiz-

ing the supervisory lamp individually associated
withthelink line utilized in connecting the calling
and called talking circuits together. In a similar’
manner, each time the loop circuit extending to
the called substation T4 from the incoming con-

nector switch 53 is recompleted, the battery

reversing relay embodied in the incoming con-

nector switch 53 reoperates to again reverse bat-

tery over the trunk line 81 extending to the re-
peater 50, The repeater 50 responds by causing
‘an additional relatively short supervisory pulse
of alternating current to be transmitted over the
trunk line 87 to the repeater 24. The last-men-
tioned repeater, in turn, responds to the addi-

tional alternating current supervisory pulse by

again reversing battery over the loop circuit ex-
tending through the incoming connector switch
17 to the trunk circuit apparatus terminating the
trunk line 39 to the operator’s position 14. This
trunk circuit apparatus, in turn, operates to open
the circuit for energizing the supervisory lamp

individually asscciated with the established con-

nection. Thus, it will be apparent that if the loop
circult extending to the called substation Ti is
momentarily interrupted a number of times, the
supervisory lamp provided at the operator’s posi-

tion (4 and individual to the established con-

nection is intermittently energized to transmit

a flashing signal to the operator. This signal in-

dicates to the operator that she is being recalled
by the subscriber at the called substation Ta,

whereupon she may reenter the connection and
converse with the called subscriber fo determine

the particular service desired. o )

The release of the connection as established
between the operator’s position (4 and the called
substation T4 is entirely under the control of
the operator attending the indicated operator’s
position. More particularly, if the called sub-
scriber at the substation T¢ hangs up before
the connection is cleared out at the operator’s
position 14, the loop circuit extending to this
substation is interrupted, with the result that
the battery reversing relay embodied in the in-
“coming connector switch 53 operates to reverse
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battery over the trunk line 61 to the repeater
50. This repeater responds, in the manner ex-
plained above, by c¢ausing a relatively short su-

. pervisory pulse’ of alternating current to be

~ transmitted over the trunk line 37 to the re-

o ‘peater 28. The last-mentioned repeater, in turn,
" .responds to the alternating curren: supervisory

pulse by reversing battery over the loop circuit

‘extending to the trunk circuit apparatus ter-

minating the trunk line 30 at the operator’s
position 14, This trunk circuit apparatus, in
turn, operates to complete the circuit for ener-
gizing the supervisorylamp individually asso-
ciated with the established connection. 'The con-
- tinuous illumination of this lamp indicates to the
operator that the connection is ready to be re-
leased. When the connection is cleared out at
the operator’s position 14, the loop circuit ex-
tending ‘through the incoming conneector switch
(T to the repeater 24 is interrupted with the
result that this repeater is released and the
control apparatus embodied therein operates to
remove holding ground potential from the con-
trol conductor of the trunk line 32, thereby to
“initiate the release of the incoming connector
switch- 11. During its release, the repeater 24
operates to transmit a relatively long release
pulse of alternating current over the trunk line
31 to the repeater 50. The last-mentioned re-
peater responds to the received alternating cur-
rent release pulse by restoring to normal and,
during its restoration, operates to remove guard-
ing ground potential from the respective control
‘conductors of the trunk lines 62 and 63, and
to open the lcop circult extending by way of
the trunk line 6i to the incoming . connector
switch §3. When this last-mentioned loop cir-
cuit is interrupted, the incoming connector switch
$3 is caused to release and, durihg its release,
functions to remove ground potential from the
control conductor of the called line 59, thereby
to initiate the release of the line circuit 55 and
to mark the called line 59 as idle in the bank
contacts of the connector switches having access
thereto. Thus, the connection as established be-
tween the operator’s position 4 and the called
substation T4 is fully released and the switching
apparatus utilized in setting up the connection
is rendered available for further use.

‘Since the incoming connector switch 53 indi-
vidually associated with the repeater 60 has ac-

-cess to the trunk line 64 extending to the two-.

way repeater 87 terminating one end of the inter-
office trunk line 65, it will be apparent that the
connection as routed to the incoming connector
switch 53 in the manner just explained, may
be further extended over the trunk line 65 and
through the automatic switching equipment pro-
videdq in the exchange D to a substation asso-
ciated with a line terminating at the last-men-
tioned exchange. If such & connection is de-
sired by the calling subscriber, the operator su-
- pervising the call at the operator’s position 14,

line is seized, the incoming connector switch 63
switches . the loop circult - incoming thereto
through to the repeater 87, thereby to complete

‘& local loop circult extending from the repeater

60 to the repeater 81. The repeater 57 responds

. to the completion of this local loop circuit by

10

16

20

operating to transmit a selzing pulse of alter-
nating current over the trunk line 85 to the:
repeater 66 terminating the distant end of the
line 65 in the exchange D.. The repeater 66
responds to the received alternating current seiz-
ing pulse by} operating to- complete a loop cir-
cuit to the incoming connector switch 69 indi-
vidually associated therewith. When this loop
circuit -is completed, the ‘incoming connector
switch 88 is seized and conditioned to respond
to impulses transmitted thereto by the repeater
66. After dialing the three digits designating
the trunk line 65, the operator initiating the
call at the operator’s position . (4 continues to

- dial the additional digits of the directory num-~
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after dialing the two digits required for the '

selection of the trunk line 37 or a similar trunk
line included in the trunk line group intercon-
necting the exchanges B and C, dials one addi-
tional digit comprising a single impulse, which
digit designates the trunk line 65 interconnect-
ing the exchanges C and D. The incoming con-
- nector switch 53 responds to the single impulse,
which impulse is repeated thereto through the
repeater chain in. the manner explained pre-
viously, by operating to seize the trunk line 64
extending to the repeater 571, When this trunk
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ber designating the called subscriber’s line ter-
minating ‘at the exchange D. For example, if
the substation Tv is desired by the calling sub-
scriber, the final two digits dialed at the oper-
ator’'s telephone station 15 are the digits of the
directory number designating the substation Ti.
During the impulses of these two digits, the re=
peater 50 operates in the manner explained above
to convert the received pulses of alternating cur-
rent into corresponding direct cwrent impulses
which are transmitted over the local loop, cir-
cuit extending through the incoming connector
switch 53 to the repeater §1. This repeater, in
turn, reconverts the direct current impulses into
corresponding alternating current pulses which
are transmitted over the trunk line 65 to the
repeater 66. The last-mentioned repeater, in
turn, reconverts the alternating current pulses
into corresponding direct current impulses which
are transmitted to the incoming connector switch
69. The connector switch 69 responds to the first
series of impulses transmitted thereto by oper-
ating to select the group of lines including the
called line 14, Thereafter and when the second
series of impulses is transmitted to the incoming
connector switch 69, this switch operates to select
the called line 74 from the selected group of
lines.. When the line 14 is selected by the indi-
cated incoming connector switch, ‘the line is
tested to determine the idle or busy condition
thereof, and if idle, ringing current is projected
thereover to energize the signal device provided
at the called substation Tv. Also, the usual
ring-back tone signal is transmitted back over
the established connection to indicate to the
calling operator that the called substation 'is
being rung. When the call is answered at the
called substation, the desired talking circuit is
completed between this substation and the oper-
ator’s telephone station 15, whereupon the oper-
ator may employ one of the link lines provided
at the operator’s position {4 to establish a bridg-
ing connection between the calling and called
talking circuits. Thus, the desired talking con-
nection between the calhng and called substa-
tions is fully established. If the called line 74
is busy at the time it is selected by the incoming
connector switch 69, busy tone current is returned
through the operated switch train to signal the
calling operator that the called line is in use.
Upon receiving busy tone the operator may either
clear out the connection to release the operated
switch train or break in upon the previously
established - connection ang offer the toll call

e
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to the party conversing at the called. substation.
In order to offer the toll call to the party lo-
cated at the substation T4, the operator momen-
tarily actuates the toll offering switch embodied
in the trunk circuit apparatus terminating the
" line 30 to unbalance the loop circuit extending
through the incoming connector switch 7 to
the repeater 28, whereby the repeater 50 is caused
to unbalance the loop circuit extending through
the incoming connector switch 53 to the re-
peater 87, all in the manner explained previously.
The repeater 57 responds to the unbalanced con-
dition of -the loop circuit extending thereto by
operating to transmit a supervisory pulse of al-
‘ternating current over the trunk line 685 to the
repeater 66, which latter repeater, In turn, re-
sponds to the received alternating current su-
pervisory pulse by unbalancing the loop circuit
. extending to' the incoming connector switch 69.
The incoming connector switch 69 now operates
to establish a talking circuit to the called sub-
station T7, whereby the operator may break in
upon the conversation ensuing over, the pre-
viously established connection including the line
74 and offer the toll call to the party located
using the called substation. Here again, if the
toll call is accepted, the parties conversing over
the previously established connection are in-
structed to hang up and, during the release of
the previously estabhshed connection, the line
14 is freed and marked as idle in the bank con-
tacts of the incoming connector switch 69. This
incoming connector switch now operates to pro-
ject ringing current over the line T4 for the
purpose of energizing the signal device provided

at the called substation. Also, the incoming con- .

nector switch 89 arrests the ringing operation
and completes the desired talking eircuit between
the operator’s telephone station {5 and the called
substation T7 when the call is answered at the
called substation.

‘Pollowing the completion of the desired talk-
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reversing battery over the loop circuit extending
through the incoming connector ‘switch 83 to
the repeater §0. The manner in which the last-
mentioned repeater, the repeater 24 and the trunk
circuit apparatus terminating the trunk line 30 .
at the operator’s position 14 sequentially operate
to, control . the supervisory lamp individual to
the connection in response to the successive bat-
tery reversals over the loop circuit extending
betweent the repeaters §1 and 50 is exactly the
same as set forth previously. Thus, it will be
apparent that when the loop circuit extending
to the substation Tz is momentarily interrupted
a number of times, the supervisory lamp indi-
vidual to- the established connection and pro-
vided at the operator’s position 4 is intermit-
tently energized to sighal the operator attending
this position that she is being recailed by the
called subscriber. The release of the connection
as established to the called substation Tz is en-~ .
tirely under the control of the operator attending
the operator’s position 14. Thus, if the connec-
tion is released at the call substation T7 before
it is cleared out in the operator’s position (4,
the supervisory lamp individually associated with
the connection is energized and remains ener-’
gized to signal the operator that the connection
is ready to be released. The manner in which
the incoming connector switch |1, the repeater
24 and the repeater 50 dare released when the
connection is cleared-out at the operator’'s posi-
tion 14 is exactly the same as described above
with reference to the call routed from the oper-
ator’s position ‘15 to the substation T During
the release of the repeater 50, the loop circuit
extending through the  incoming connector
switch 53 to the repeater 57 is interrupted, there-
by to initiate the release of the last-mentioned

- repeater., During its release the repeater 5§71 oper-

40

~ing connection between the calling and called

substations, the supervisory lamp individual to
the connhection and located at the operator’s po-
sition (4 is relied upon fo inform the operator
as to the condition of the connection. Thus,
the called subscriber at the substation T7 may
recall the operator, in the manner previously
described with reference to the call routed to
the substation T4, by operating the hook switch
provided at the substation Tv momentarily to
interrupt the loop circuit extending to this sub-
station one or more times. “When this loop -cir-

cuit is interrupted, the back bridge or battery

reversing relay provided in the incoming con-
nector switch 69 operates to reverse battery over
the loop ecircuit extending to the repeater 66,
causing this repeater to transmit a supervisory
"pulse of alternating current over the trunk line
65 to the repeater 51. The last-mentioned re-
peater, in turn, responds to the received alter-
nating current supervisory pulse by reversing bat-
tery over the local loop circuit extending through
. the incoming connector switch §3.to the repeater
50. In a similar manner, each time the loop
circuit extending to the called substation Tq is
recompleted, the battery reversing relay embod-
ied in the connector switch 69 rcoperates to
reverse battery over the loop circuit extending
to the repeater 66 with the result that this re-
reater transmits an additional pulse of alter-
nating . current over the trunk line 85 to the
. repeater §71. ‘The repeater 57 responds to this

additlonal pulse of alternating current by again
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ates to remove holding and guarding ground
potential from the control conductor of the trunk
line 64, whereby the release of the incoming
connector switch 53 is initiated. Also, during
its release, the repeater §7 functions to trans-
mit a relatively long release pulse of alternating
current over the trunk line 65 to the repeater:
66. The repeater 66 responds to this alternating
current release pulse by restoring to normal and,

during its restoration, functions to interrupt the
loop circuit extending to the incoming connector
switch 69, When this last-mentioned loop cir-
cuit . is interrupted, the incoming connector
switch 69 restores to normal and, during its re-
lease, removes guarding ground potential from
the - control conductor of the called line 174,
whereby this line is marked as idle in the bank
contacts of the connector switches having access
thereto and the line circuit 1( is restored to
normal. Thus, the connection.as established be-
tween the operator’s position {4 and the substa-
tion Tris fully released.

As indicated previously, the automatic switch-
ing apparatus respectively provided in the ex-
changes B, C, D and E and the trunk line 65 in-
terconnecting the two exchanges C and D may
be utilized to establish a connection between the
operator’s position 14 in the exchange B and the
operator’s position 10 located in the exchange A.
Normally, calls between these two operators’ po-
sitions are routed over one of the trunk lines, as
for example, the line (2 extending directly be-
tween two operators’ positions. In cases of
emergency, however, when the trunk lines ex-
tending directly between the exchanges A and
B may for some reason be out of service, the
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‘provision of the arrangement for routing con-

nections between the indicated two operators’

positions over an alternate route serves to pre-

serve the communication facilities beétween the
exchanges A and B. Thus, if the call as initi-
ated in the operator’s telephone station i5 and
routed over the trunk line 65 through the re-
peater 66 to the incoming connector switch 69,
in the manner explained in the immediately pre-
ceding paragraphs, is to be further extended
to the operator’s position in the exchange A, the
calling operator located at the operator’s posi-

. tion 14, after dialing the three digits designat-

ing the trunk line 65, continues to dial the two
digits of the directory number designating a toll
operator’s position.  More particularly, the final
two digits dialed at the calling operator’'s posi-
tion are the digits 0 and 1 and the incoming
connector switch 69 responds to the impulses
of these two digits by operating to select the
group of trunk lines extending from the ex-
change D to the exchange A. At the end of the
last digit, the incoming connector switch 689,
which is arranged for automatic trunk hunt-
ing, also operates to select an idle one of the se-
lected groiip of trunk lines.” Assuming, for ex-
ample, that the line (3 is the first available idle
trunk line of the selected group, the connector
switch 68, during its trunk hunting operation,
seizes the repeater 12 associated with this trunk

. line.  When the repeater 12 is seized, the incom-

Ing connector switch 69 switches the Incoming
loop circuit through to the repeater 12 to estab-
lish a local loop circuit extending between the
two repeaters 66 and 712, - The repeater 12 re-

_ 8ponds to the completion of this loop circuit by

operating to transmit a seizing pulse of alternat-
Ing current over the trunk line (3 to the trunk

- circuit apparatus 10, terminating the line I3

at the operator’s position 10. The repeater 12
also operates at this time to mark itself as busy
in the bank contacts of the various connector
switches having access thereto. The trunk cir-
cuit apparatus 10y responds to the seizing pulse
of alternating current transmitted thereto by
operating to energize the line signal lamp indi-
vidually associated with the trunk line 18, there-

"by to indicate to the operator attending the op-

erator’s position 10 that an incoming call on the
line {3 should be answered.. When the operator
at the position 10 answers the call, the desired
talking circult between the operator’s position
14 and the operator’s position 10 is fully estab-
lished. . ' o ,
The manner in which the operated' switch
train through which the talking circuit extend-

- ing between the operator’s position {0 and the

operator’s position 14 is released is substantially
similar to the release of the connection described
above with reference to the call routed to the
substation Tv from the operator’s position 14,
During the release of this switch train and when
the repeater 66 restores to normal, the loop cir-
cult. extending through the incoming connector
switch 69 to the repeater 12 is interrupted, with
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The trunk.circuit apparatus 10 now operates to
energize the supervisory lamp individually as-
sociated with the trunk line I8, thereby to indi-
cate to the operator attending the position 10

that” the connection is ready to be released. -

When the operator at this position clears out the
connection, the trunk -circuit apparatus 10v is
released, and during its release, operates to

. transmit a relatively long pulse of alternating
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current back over the trunk line to-the repeater -
12, with the reésult that the repeater 12 and the
incoming connector switch 87 associated there-
with are seized. The operation of the appara- -
tus embodied in the repeater 12 for forcibly re-
leasing this repeater is also initiated in response
to the alternating current pulse transmitted to
the repeater 72 over the trunk line 3. Hence, &
predetermined time interval after the repeater
12 is reseized, this repeater is released to initi-
ate the release of the incoming connector switch
61. Following the release of the last-mentioned
switeh all of the apparatus utilized in setting 1p -
the connection between ‘the operator’s ‘position
10 and the operator’s position {4 is fully released.
From Fig. 1 of the drawings, it will be ap- -
parent that if the operator on duty at the op-
erator's position 14 in the exchange B desires -
& connection with one of the operator’s positions
located in the exchange A she may seize one of
the trunk lines in the group extending directly
between the exchanges A and B. For example,
the operator attending the operator’s position
14 may seize the trunk line §2 extending to the .
operator’s position 10 in forwarding & 'call to the -
exchange A.. The trunk circuit apparatus ter-
minating the respective ends of the trunk line
12 is such that the usual ring down operation is .
utilifed in routing connections over this trunk

- line between the two operators’ positions 10 and
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the result that the last-mentioned repeater re- .

stores to remove holding ground potential from
the control conductor of the trunk line extend-
ing thereto from the incoming connector switch
69. Thus, the release of the indicated incoming

' connector switch is initiated. During its release,

the repeater 12 also functions to transmit a rel-
atively long release pulse of alternating current

-over the trunk line 13 to the trunk circult appa-
- ratus 10y located at the operator’s position 10,

70
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14. - After a connection has beén extended from
the operator’s position 14 over the trunk line (2
to the operator’s position 10, it may obviously
be further extended to a desired called substa-
tion from the last-mentioned operator’s position.
The trunk line {2 is a two-way trunk line and,

5 hence, calls may also be forwarded to the op-

erator’s position 14 from operator’s position. 10
located in the exchange A. The. arrangement
of the trunk circuit apparatus 10a is such that
this apparatus may also be used in conjunction
with - the repeater 16 in routing connections
through the automatic switching apparatus pro-
vided in the exchange B on calls initiated at &
time when the operator’s position (4 is not at-
tended. More particularly, if the operator at-
tending the operator’s position 10 seizes the trunk
circult apparatus 0. at & time when the op-
erator’s position 14 is unattended, this trunk
circuit apparatus operates to transmit g seiz-
ing pulse of alternating current ovér the trunk
lines 12 and 28 to the repeater 16. 'The repeater
16 responds to the: alternating current seizing
pulses by operating to establish a loop circuit
extending by way of the trunk lines 28 and 30
to the incoming connector switch i1. Follow-
ing seizure of the trunk circuit apparatus 10a,
the operator initiating the call at the operator’s
position 10 dials the directory number of the
particularly desired substation, the trunk circuit
apparatus 10. being arranged to transmit alter- -
nating current pulses representing the dialed

digits over the trunk lines 12 and 28 to the
repeater 16. This repeater functions to convert
the received alternating current pulses into cor-
responding direct current.impulses which are
transmitted over the trunk lines 28 and 30 tg
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the incoming connector switch 11. From this
point on the connection may be forwarded to a

" substation 'line terminating at any one of the.

exchanges B, C, D and E in the exact manner
described previously with reference to calls
routed by way of the operator's position 14 and
through the incoming connector switch (1. It
is to be observed that the toll offering feature
-of -the system is preserved when the calls orig-
inate at the operator’s position 10 rather than
the operator’s position (4. Thus, if the op-
erator receives busy tone after dialing the digits
of the directory number designating a partic-
ular desired substation, she may operate the toll
offering switch embodied in the trunk circuit
~apparatus f0s to cause this ~apparatus to trans-
mit a supervisory pulse of alternating current
over the trunk lines 2 and 28 to the repeater
16 This repeater responds to the alternating
current supervisory pulse by unbalancing the
loop circuit extending to or through the incom-
_ing connector switch 11. From the foregoing
description, it will be apparent that when this
loop circuit is unbalanced, a connection is estab-
lished to the busy called line providing the called
line terminates at one of the exchanges B, C.
D, E and F. Not only is the toll offering feature
retained on calls originating at the operator’s
position {0, but, in addition, the same mode of
.control, namely, reverse battery control, is uti-
lized in controlling the supervisory lamp pro-
vided at the operator’s position 10 in association
with the trunk line 2. 'Thus, when a call routed
from the operator’s position 0 through the re-
peater 16 and the incoming connector switch 17
to a desired substation is answered, battery is
reversed over the loop extending between the
- ‘incoming connector switch 1T and. the repeater
16. Moreover, each time the loop circuit extend-
ing to the called substation is thereafter inter-
. rupted or recompleted, a corresponding battery
reversal over the loop extending between the
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repeater 18 and the incoming connector switch -

{1 occurs. The repeater (6 responds to each
battery reversal over the last-mentioned loop
circuit by operating to transmit a supervisory
pulse of alternating current back over the trunk
lines 28 and 12 to the trunk circuit apparatus
10s.
ceived alternating current supervisory pulse by
operating to open a point in the eircuit for en-
-ergizing the supervisory lamp individually asso-
ciated with the trunk line {2. The trunk circuit

apparatus 10. further responds to each additional

received alternating current supervisory pulse
by alternately opening and closing the' circuit
for energizing the indicated supervisory lamp.
If the connection as routed from the operator’s
position {0 over the trunk lines 12 and 28 and
through the repeater 16 to the incoming con-
nector switch 17 is to be extended to a sub-
scriber’s line terminating at the exchange F, the
first two digits dialed at the operator’s position
- 10 are the digits designating the trunk line 42
- extending to the exchange ¥F. The incoming
connector switch #71 responds to.the impulses of
these digits by operating to seize the trunk line
35 extending to the repeater {8 and to establish
a local loop circuit between the repeater 18 and
the repeater 16. The repeater {8, in turn, re-
sponds to the completion of this loop circuit by
marking the trunk line 37’ as busy in the bank
contacts of the connector switches provided in
the exchange B and by completing a loop circuit

This apparatus responds to the first re-
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extending by way of the connected trunk lines 75
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41 and 42 to the automatic switching apparatus
provided in the exchange ¥. Following the last-
mentioned operation and when the additional
digits designating the desired called substation
are dlaled at the operator’s position 18, the re-
peaters 16 and I8 operate to repeat the dialed:
impulses over the trunk lines 41 and 42 to the
automatic switching apparatus provided in the
exchange F. Thus, the conhection is forwarded
to the desired called substation. :

The release of a connection as routed from
the operator’s position 10 and through the re-
peater 16 and the incoming connector switch (71
to & called substation is entirely under the con-
trol of the operator attending the operator’s
position 10. Thus, in the case just described
of the connection routed to a subscriber’s line

.terminating at the exchange F', when the con-

nection is cleared out at the operator’s position
10 the trunk circuit apparatus 10. ‘is released.
During the release of this apparatus, a release
pulse . of alternating current is transmitted
therefrom over the trunk lines 12 and 28 to the
repeater 16. This repeater responds to the al-
ternating current release pulse by restoring to
normal, and, during its release, interrupts the
loop circuit extending by way of the trunk lines
29 and 30 through the . incoming connector
switch 17 to the repeater 18. The repeater 18
now- releases and, while restoring to normal,
opens the loop circuit extending by way of the
trunk lines 41 and 42 to the operated switch
train in the exchange P, thereby to initiate
the release of this switch train. Also, during
its release the repeater I8 functions to remove
guarding ground potential from the control con-
ductor of the trunk line 371’, thereby to render
the trunk line 42 accessible to the connector
switches provided in the exchange B. If the con-
nection as routed from the operator’s position
10 through the repeater 16 and the incoming -
connector- switch 471 is further extended to a
subscriber’s line terminating at one of the ex-
changes B, C, D and E rather than the exchange
F, the release of the portion of the switch train
following  the incoming connector switch 7 is
initiated when the loop circuit extending from
the repeater 16 to the incoming connector switch
17 is interrupted. The manner in which the por-
tion of the operated switch train following the
incoming connector switch 17 is released is sub-
stantially ‘'similar to the mode of releasing the
switch trains described above with reference
to calls origlna.ting at the operator’s. position
4.

As explained prevlously calls originating at
or routed by way of the operator’s position 10
and intended for a subscriber’s substation asso-
ciated with a line terminating at the exchange
D are normally routed over one of trunk lines
in the group including the trunk line 13 directly
connecting the operator’s position 10 with the
automatic switching equipment provided in the
exchange D. Thus, when the trunk circuit ap-
paratus (0v is seized by the operator attending
the operator’s position (0, it operates to trans-
mit a seizing pulse of alternating current over
the trunk line I3 to the repeater 712. This re-
peater, in turn, operates to establish a loop cir-
cuit to the associated Incoming connector switch
671 and to mark itself as busy in the bank con-
tacts of -the local and incoming connector
switches having access thereto. After seizing
the trunk . circuit apparatus (0», the calling
operator dials the directory .number of the de-
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sired substation and during the dialing opera-
tion the trunk circuit apparatus operates to
- transmit the dialed impulses as alternating cur-
. rent. pulses over the trunk line {3 to the re-
peater 72. The repeater 12 converts the re-
ceived alternating current pulses into direct cur-~
rent impulses which are transmitted over the
established loop circuit to the incoming con-
nector switch 61. This  incoming connector
switch responds to the first series of' impulses
by selecting the group of lines including the de-
sired called 'line. When the second series of
impulses is thereafter transmitted to the in-
coming connector switch 67, this switch operates
to sclect the called line from the selected group
of -lines and to test the line for the purpose of
‘determining the idle or busy condition thereof.
Assuming that the line 15 is the called line and
further that this line is idle at the time it is

selected by the incoming connector switch 67T, .

ringing current is projected thereover to ener-
gize the signal device provided at the called sub-
station Ts and the usual ring-back tone signal
is returrnied to the -telephone station provided
at the operator’s position 10 to inform the oper-
ator that the called substation is being rung.
Finally, the ringing operation is arrested and
the desired conversational connection between
the operator’s telephone station and the called
substation is completed when the call is answered
at the callad substation. If the line 15 is busy
at the time it is selected by the incoming con-
nector switch -67, the control apparatus of this
switch functions to return the usual busy tone
signal to the calling operator attending the
operator’s position 10. The operator may now
clear out the connection to initiate the release
of the operated switch train, or she may cause
a connection to be established to the busy line
for the purpose of offering the toll call to the
party using the substation Ts. Assuming that
the operator elects to offer the toll call to the
subscriber at the called substation Ts, she
momentarily actuates the toll offering switch
‘embodied in the trunk circuit apparatus
whereby this apparatus is caused to transmit a
supervisory, pulse of alternating current over
the trunk line 13 to the repeater 12. The re-

peater 12 responds to the received alternating

current supervisory pulse by operating to un-
balance the loop circuit extending therefrom to
the incoming connector switch 671, ‘The incom-
ing conector switch 67, in turn, responds to the
unbalanced loop circuit condition by operating
to establish a bridging connection to the called
subscriber’s line 15. The calling operator may
now converse with the party using the sub-
station Ts and offer the toll call to this sub-
scriber.
versing over the previously established connec-
tion including the called line 15 are instructed
to hang up, thereby to initiate the release of
the previously established connection. During
the release of the last-mentioned connection,
the called line 15 is marked as idle in the bank
contacts of the incoming connector switch 67.
The indicated incoming connector switch now
operates to project ringing current over the
called line 175, thereby to energize the . signal
device provided at the called substation and to
impress ground potential upon the control con-
ductor of the called line for the purpose of
guarding this line against seizure by one of the
other connector switches having access thereto.
When the call is answered at the called sub-

10,

If the call is accepted, the parties con- -
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station, the ringing operation is arrested and

‘the desired talking circuit is completed between

the called substation and the . operator’s tele-
rhone station located at the operator’s position
{0. After the connection is fully established to
the called substation, the operator supervising
the call at the operator’s position 16 may cxtend
the connection back to a calling subscriber’s
substation in the manner conventionally em-
ployed in manual office practice. Following the
completion of the connecction between the call-
ing and called substations, the opcrator relies
upon the supervisory lamp embodicd in the trunk
circuit apparatus 10, and associated wilh the
trunk line 13 Lo indicate the condition of the
established connection. Thus, if the called sub- |
scriber desires to recall the operator atiending
the opcrator’s position 10, he may do so by
operating the switch hook provided at the called
substation momentarily to interrupt the. loop
circuit extending to this substation one or more
times. ®Bach time this loop circuit is inter-
rupted, the battery reversing relay embodied. in
the incoming connector switch 67 operates to

Teverse battery back over the loop extending to

the repeater 12 with the result that this repeater
operates to transmit a supervisory . pulse of
alternating current over the trunk line 3 fto
the trunk circuit apparatus {8n. The indicated
frunk circuit apparatus responds to the received
pulse of alternating current by completing the
circuit for energizing the supervisory lamp in-
dividually associated with the trunk line (3. In
a- similar manner, each time the loop circuit
extending to the called substation is recom-
pleted, the battery reversing relay embodied in
the incoming connector switch 61 again reverscs
battery over the loop circuit extending to the
repeater 72 and the control apparatus of this
repeater operates to transmit a pulse of alter-
nating current to the trunk circuit apparatus
{0,. The last-mentioned apparatus responds to
each altcrnating current pulse resulting from
the rccompletion of the loop circuit extending
to the called substation by operating to open
the circuit for energizing the supecrvisory lamp
individually associated with the trunk line 13.
Thus, if the loop circuit extending to the called
substation is repeatedly interrupted. the in-
dicated supervisory lamp is intermittently ener-
gized and the flashing thereof indicates to the
operator that she is being recalled by the sub-
scriber at the called substation Ts. The rclease
of the connection as established to the substa-
tion Ts from the operator’s position 0 is under
the control of the operator attending this posi-
tion. Thus, if the called subscriber hangs up
to open the loop circuit extending to the called
substation before the connection is cleared out
at the operator’s position 0, the battery re-
versing relay embodied in the connector switch
671 reverses battery over the loop circuit extend-
ing to the repeater 72 and this repeater operates
to transmit a final alternating currcnt super-
visory pulse over the trunk line 13 to the trunk
circuit apparatus 10,. The indicated trunk cir-
cuit apparatus now operates to complete the cir-
cuit for encrgizing the supervisory lamp em-
bodied therein and individually associated with
the trunk line 13 and the resulting continuous
illumination of this lamp indicates to the opera-
tor that the connecton is ready to be released.
When the connection is cleared out at the oper-
atcr’s position 18, the 'trunk circuit apparatus
10y is released and during its release opcrates
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to transmit a release pulse of alternating cur-
rent over the trunk line 3 to the repeater 72.
“The repeater 12 responds to the received pulse
of alternating current by restoring lo normal
and, during its restoration, interrupts the loop
circuit extending to the operated incoming con-
nector switch 67. This incoming connector
switch now releases and, during its release, re-
moves ground potential from the control con-
ductor of the called line 15, thus rendering this
line accessible to the connector switches pro-
vided in the exchange D. Following the release
of the incoming connector switch 67, the con-
nection as established between the operator’s
position 10 and the substation Ts is fully’ re-
leaced and the switching equipment utilized in
setting up the connection is available for
further use. .

If the call as initiated at the operator’s position
(0 and routed through the trunk civcuit appa-
ratus {0p and the repeater 12 to the incoming con-
nector switch 67 is to be extended to a substa-
tion, such, for example, as the substation T4, asso-
ciated with a line terminating at the exchange C,
the operator, after seizing the trunk circuit appa-
. ratus I0b, dials a single digit of one impulse desig-
nating the trunk line 65. The incoming connector
switch 67 responds to the impulse of the digit by
operating to seize the repeater 66 associated with
the trunk line 65.

switch 671 to the repeater 66 is seized, the indi-
cated incoming connector switch operates to es-
tablish a local loop circuit between the two re-

peaters 72 and 66. - When this loop circuit is com-
pleted, the repeater 66 operates to transmit a !

seizing pulse of alternating current over the trunk
line 65 to the repeater 51 terminating the distant
end of the line 65 in the exchange C. The repeat-
er 57 responds to the received alternating current
seizing pulse by operating to establish a loop cir-
cuit to its associated incoming connector switch
56 and by impressing ground potential upon the
control conductor of the trunk line 64, thereby to
guard this trunk line against seizure by one of the
incoming connector switches provided in the ex-
change C. After dialing the digit designating the
trunk line 65, the calling operator located at the
operator’s position 10 continues the dialing oper-
stion by dialing the two digits designating the
called line 59. The impulses of the final two digits
are transmitted as direct current impulses over
the local loop circuit extending between the re-
peaters 12 and 66 to the last-mentioned repeater,

which repeater operates to convert the direct cur- .

rent impulses into corresponding alternating cur-
rent pulses and to transmit the alternating cur-
rent pulses over the trunk line 65 to the repeater
51. The repeater 51, in turn, reconverts the al-
ternating current pulses into corresponding direct
current impulses which are transmitted to the in-
coming connector switch 56. The incoming con-
nector switch 56, in turn, operates in response to
the two series of received impulses by selecting the
called line 59. Assuming this line to be idle, the
control apparatus embodied in the incoming con-
nector switch 56 operates to project ringing cur-
rent thereover, thereby to energize the signal de-
vice provided at the called substation, and to re-
turn the usual ring-back tone signal to the calling
operator. When the call is answered at the called
substation, the ringing operation is arrested and
the desired talking circuit is completed between
the calling operator’s telephone station and the
called substation. On the other hand, if the

More particularly, when the |
trunk line extending from the incoming connector ’
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called line is busy at the time it is selected by
the incoming connector switch 56, this switch
functions to return busy tone to the calling oper-
ator to indicate that the called line is in use.
Upon receiving busy tone, the operator may clear
out the connection to release the operated switch
train or break in upon the previously established
connection including the called line to offer the
toll call to the party using the substation Ti.
More particularly, if the operator momentarily
actuates the toll offering switch embodied in the
trunk circuit apparatus 10y, the repeater 12 func-
tions, in the manner previously explained, to un-
balance the loop circuit extending through the in-
coming connector switch 6T to the repeater 66.
The repeater 66 responds to the unbalanced loop
circuit condition by transmitting a control pulse
of alternating current over the trunk line 65 to
the repeater 51, causing the last-mentioned re-
peater to operate and unbalance the loop circuit
extending therefrom to the incoming connector
switch 56. When the last-mentioned loop circuit
is unbalanced, the incoming connector switch 86
operates to establish g bridging connection to the
called subscriber’s line 59 and thus complete a
talking circuit between the substation Ts: and the
calling operator’s telephone station. The opera-
tor may now break in upon the conversation en-
suing over the previously established connection
and offer the toll call to the party using the sub-
station Ts. If the toll call is accepted, the parties
conversing over the previously established con-
nection are instructed to hang up for the purpose
of releasing the connection. During the release
of the previously established connection, the line
59 is marked as idle in the bank contacts of the
incoming connector switch 56 with the result that
this switeh operates to project ringing current
over the line 59 to energize the signal device pro-
vided at the called substation. Finally, the ring-
ing operaticn is terminated and the desired talk-
ing circuit is completed when the call is answered
at the called substation. On a call of this charac-
ter, the supervisory lamp embodied in the trunk
circuit apparatus 10, is also relied upon by the
operator attending the operator’s position {0 to
indicate the condition of the connection after it is
fully established between the calling and called
substations. Here again, the called subscriber
may recall the operator by repeatedly interrupt-
ing the loop circuit extending to the called sub-
station. In this case, each time the loop circuit
extending to the called substation is interrupted,
the battery reversing or back bridge relay embod-
jed in the incoming connector switch 96 reverses
battery over the loop extending to the repeater 571.
This repeater responds to the reversal of battery
over the loop circuit extending thereto by oper-
ating to transmit a supervisory pulse of alternat-
ing current over the trunk line 65 to the repeater
66. The repeater 66, in turn, operates to reverse
battery over the local loop circuit extending
through the incoming connector switch 67. In a
similar manner, each time the loop circuit extend-

- ing to the called substation is recompleted, the

battery reversing relay embodied in the incoming
connector switch 56 functions to again reverse
battery over the loop extending to the repeater
57 causing this repeater to operate and transmit
an additional pulse of alternating current over
the trunk line 85 to the repeater 66. - The repeat-
er 66, in turn, responds to the received additional
pulse of alternating current by reversing hattery
over the local loop circuit extending through the
incoming connector switch 61 to the repeater 12,
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Thus, each time the loop circuit extending to the
called substation Ti is interrupted and recom-
pleted at this substation, the repeater 12 is caused
to transmit two successive supervisory pulses of
_alternating current over the trunk line I3 to the

‘trunk -circuit apparatus {8». The trunk circuit
apparatus 10s responds to the received puises of
alternating current resulting from the interrup-
tion of the loop circuit extending to the called
substation by operating to complete the circuit for
energizing the supervisory lamp individually as-
sociated with the trunk line 3. Conversely, the
trunk circuit apparatus 10, responds to the re-
ceived alternating current pulses resulting from
the recompletion of the loop circuit extending to
the called substation by operating to open the
circuit for energizing the indicated supervisory
lamp.  Hence, if the loop circuit extending to the
called substation is repeatedly interrupted, the

supervisory lamp associated with the trunk line

13 is intermittently energized and flashes to indi-
cate to the operator that she is being recalled by
the called subscriber. The release of the connec-
tion as estahlished to the called substation T4 is,
like the connection established to the substation
Ts, under the control of the operator attending
the operator’s position 10. Thus, if the called sub-
scriber at the substation T4 hangs up before the
connection is cleared out in the operator’s posi-
tion 10, the incoming connector switch 96, the re-
peaters 57, 66 and 12 and the trunk circuit ap-
paratus 10 cooperate in the manner just ex-
plained to cause the supervisory lamp individual-
ly associated with the trunk line {3 to be ener-

gized, thus indicating to the operator attending :

the position 10 that the connection is ready to be
released. The manner in which the trunk circuit
apparatus 10p and the repeater 12 are released
when the connection is cleared out at the opera-
tor’s position 10 is exactly the same as described
above with reference to the call routed to the sub-
station Ts. During the release of the repeater 12,
the local loop circuit extending through the in-
coming connector switch 61 to the repeater 66 is
interrupted, whereby the release of the repeater
66 is initiated. During its release, the repeater 66
operates to remove ground potential from the con-
trol conductor of the trunk line extending from
this repeater to the incoming connector switch
61, thus initiating the release of the incoming
connector switch. Also, during. its release, -the
repeater 66 functions to transmit a release pulse
of alternating current over the trunk line 65 to
the repeater 51, whereby the release of the last-

mentioned repeater is initiated. During the re- :

lease of the repeater 5§57, ground potential is re-
moved from the control conductor of the trunk
line 64 to render the indicated repeater accessible
to the incoming connector switches having access
thereto and the loop circuit extending to the
incoming connector switch 56 is opened. The in-
coming connector switch 56 now restores and dur-
ing its restoration removes ground potential from
the control conductor of the subscriber’s line 59,
whereby this line is also rendered accessible to
the connector switches provided in the exchange
C and having access thereto. Thus, the connec-
tion as established between the operator’s tele-
phone station at the position 10 and the called
substation T4 is fully released.

If desived, the connection as forwarded through
the automatic switching apparatus provided in
the exchange D and over the trunk line 65 to the

_incoming connector switch 56, in the manner ex-
plained in the preceding paragraph, may further
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be extended over one of the trunk lines intercon-
necting the -exchange C and the exchange B and
through the automatic switching apparatus pro-
vided in the last-mentioned exchange to a sub-
scriber’s line terminating at the exchange B, to
the operator’s position 14 in the exchange B or to
a subscriber’s line terminating at either of the two
exchanges E and F. To this end, the calling op-
erator attending the operator’s position (0, after
dialing the digits requisite to the seizure of the
trunk line 65, the repeater 51 and the incoming
connector switch 56, dials' an additional digit
designating one of the group of trunk lines in-
terconnecting the exchanges B and C. The im-
pulse or impulses of this additional digit is re-
peated to the incoming connector switch 56
through the repeater chain comprising the repeat-
ers 12, 66 and 51, in the manner previously ex-
plained, and the indicated incoming connector
switch responds thereto by selecting one of the
trunk lines in the group of trunk lines including
the line 31. Assuming, for example, that the line
371 is the line selected, the incoming connector
switch 56 operates to seize the trunk line 62 ex-
tending to the repeater 50 associated with the

- trunk line 31. When the line 62 is seized, the in-

30

10

a0

!
-t

coming connector switch operates to establish a
local loop circuit between the two-way repeater
5T and the repeater 50. When this local loop cir-
cuit is completed, the repeater 50 operates to im-
press ground potential upon the control conductor
of the trunk line 62, thereby to maintain the in-
coming connector switch 56 operated, and also:to
transmit a seizing pulse of -alternating current
over the trunk line 31 to the distant repeater 24,
in the manner previously explained. The last-
mentioned repeater responds to the alternating
current seizing pulse transmitted thereto by com-
pleting a loop circuit to the line circuit 23, where- -
by this line circuit is caused to operate to im-
press ground potential upon the start conductor
extending to the distributor 26 and to mark the
line 46 as a calling line in the bank contacts of
the local finder switches provided in the exchange
B. Thus, the operation of the finder portion of
an assigned one of the finder-connector links, as,
for example, the link 25, is initiated to seize the
line 46. At this point, it will be observed that
the connection resulting from the call initiated at
the operator’s position 10 is extended to the con-
nector portion of one of the local finder-connec~
tor links provided in the exchange B. Assuming,
for example, that the link 25 is assigned to the use
of the call and operates to seize the calling line
46, the manner in which the connection may fur-
ther be extended through this link to one of the
subscribers’ lines terminating at the exchange B,
to the operator’s position {4 in the exchange B
or to a line terminating at either of the two ex-
changes E and F, is exactly the same as de-
scribed previously with reference to the call initi-
ated at the substation T3, In this regard, it is
pointed out that, after the connection is extended
to the local finder-connector link 25, the five re-
peaters 12, 66, 57, 50 and 24 cooperate to repeat
the impulses of additional digits dialed at the
calling operator’s position to the connector por-
tion of the link 25. The character or number of
impulses making up the digits transmitted to this
Iink is in no way affected by the other automatic
switches included in the established switch train.
This is in contrast to the connection described
previously with reference to the call initiated at
the substation Ts: and routed through the auto-
matic switching apparatus provided in the ex-
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change B to the toll operator’s position 14 located
in the exchange B. In the latter case, the ar-
rangement of the switching selector repeater 51
is such that a connection is only routed to the
' automatic switchihg apparatus provided ‘in the
- exchange B if the first digit 0 of the toll oper-
. ator's directory number is dialed at the calling
substation T4. If any other first digit is dialed
et this substation, the switching selector repeater
- 81 or any of the other similar repeaters operates
“‘to release the portion of the switch train which
includes the seized automatic switches provided
in the exchange B. Thus, a subscriber having &
substation associated with a line terminating at
_the exchange C can only conirol the automatic
switching apparatus provided in the exchange B
- to cause a connection to be routed to one of the
toll operators’ positions provided in the exchanges
A and B, whereas the operator attending the op-
erator’s position 10 may control the automatic
switching apparatus provided in the exchange C
to establish 8 connection to a line terminating
at this exchange or alternatively may control the
apparatus provided in the exchange B to cause &
connection to be routed by way of this appa-
ratus to a substation line terminating at any one
of the exchanges B, E and F or to the operator’s
position (4. ) S
The release of a connection as routed from the
operator’s position 10 through the automatic
switching apparatus provided in the exchanges
.D and C and the local finder-connector link 2%
provided in the exchange B to a desired tele-
phone station is primarily under the control of
the operator attending the position {0 in the ex-
change 'A. More particularly, when the operator
clears out the connection at this position, the
trunk circuit apparatus {0y, the repeater 12, the
incoming connector switch 81, the repeater 66
and the repeater 57 are released in the manner
previously explained with reference to the call
routed to the substation Ti:. During the release
of the repeater 57, the established local loop cir-
cuit extending through the incoming connector
switch 56 to the repeater §0 is interrupted. The
repeater 50 is now caused to restore and during
its restoration removes ground potential from
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the control conductor of the trunk line 62, there-

‘by to initiate the release of the incoming con-
nector switch 568, During its release, the re-
peater 50 also operates to transmit a relatively
long release pulse of alternating current over
the trunk line 371 to the repeater 24, The re-
peater 24 now starts to release and during its re-
lease opens the loop circuit extending by way of
the lines 45 and 46 to the local finder-connector
link 25. If the connection was routed to a
substation associated with a line terminating at
the exchange B, the local finder-connector link
25 is released in response to the interruption of
the last-mentioned loop circuit and during its
release operates to remove ground potential from
the control conductor of the line 46, whereby the
_line circuit 23 is restored to normal. On the
other hand, if the connection was routed through
the local finder-connector link 25 to the oper-
ator’s position 14 or to a repeater associated with
a trunk line extending to .one of the exchanges
E or P, the interruption of the loop circuit ex-
tending through the local finder-connector link
25 results in the release of the repeater or trunk
circuit apparatus terminating the distant end
of the trunk line seized by the connector portion
of the link. Thus, the release of the seized re-
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peater or trunk circuit apparatus is initiated and, 75

' 2,207,002

during its release, holding ground potentlal is
removed from the control conductor of the trunk
line seized by the connector portiont of the link
26 and over which ‘the connection was routed.
Thus, the release of the local finder-connector
link- 25 is initfated. The mmanner in which the
switching apparatus, if any; following the local
finder-connéctor link 25, is released, is exactly
the same as described previously with reference
to the calls initiated at the substation T;: Thus,
the connection resulting from the call initiated
at the operator’s position 10 and routed through

‘the automatic switching apparatus provided in

the exchange B to.a called telephone station is
entirely released and the automatic switching
equipment utilized in setting up the connection
is rendered available for further use.

PROVIDED AT THE
OPERATOL'S POSITION 10 IN. THE EXCHANGE A

As indicated previously, the. apparatus pro-
vided at the toll operator’s position {0 in the ex-

‘change A includes two identical sets of trunk

circuit apparatus (0. and I0s respectively termi-
nating the trunk lines 12 and 3. The trunk cir-
cuit apparatus 10s is illustrated in Fig. 4 as com-~
prising a repeating transformer 4715 including
windings 476 and 477 having line terminals nor-

"mally connected to the conductors of the trunk

line 2. 'This apparatus further comprises g line
connecting jack 482, g calling jack 413, a line
signal lamp 493 and a line supervisory lamp 482,
each of the two enumerated lamps being indi-
vidually associated with the trunk line 2. As
briefly pointed out above, this trunk circuit ap-
paratus is arranged selectively to be conditioned
for ring-down operation in establishing connec-
tions between the operator’s position 10 and the
operator’s position {4 on g manual to manual
exchange basis and to be utilized as control ap-
paratus in routing connections over the trunk
line 12 and through the repeater {6 {o an auto-
matic subscriber’s substation included in the sys-
tem at a time when the operator’s position 14§ is
not attended. To this end there is provided a
transfer switch 483 of the key-operated, locking
type which is so connected and arranged that op-
eration of the switch is effective to condition the
control relay equipment of Fig, 4 for either form
of operation. When the trunk circuit apparatus
10. is conditioned fo operate as & link circuit in
routing connections from the operator’s position
10-to a called subscriber’s substation on a straight
automatic to automatic basis, it is necessary that
supervisory and switching control pulses of al-
ternating current be transmitted over the trunk
line 12 to the distant repeater {6. For the pur-
pose of transmitting such switch control pulses
of alternating current over this trunk line there
are provided two relays R405 and R410, the first-
mentioned of which is operative to connect the
conductors of the trunk line {2 to the source of
alternating current provided in the exchange A
and the last-mentioned of which is a pulsing re-
lay which is arranged to respond to the operation
of a calling or impulsing device connected to the
calling jack 418. In order to control the relay
R410 and the corresponding relays respectively
embodied in the other trunk circuits accessible
to the operator attending the position {0, there
is provided a calling or impulsing device 489
having its control springs connected to the con-
tacts of a calling plug 474, which plug is adapted
to be received by the calling jack 473. As briefly
explained above, under different circumstances
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this line. Thus, on calls outgoing from the oper-

‘ator’s position 10 and routed through the trunk
- circult apparatus §0., it is necessary that a seiz-
~.Ing pulse of alternating current be transmitted

over the trunk line 12 immediately the indicated
trunk circuit apparatus s séized. For this pur-

. pose,. there are included in the apparatus five

and at_differenit stages in the operation of the -

~ trunk circuit apparatus 10,, it is necessary that

- three different types of alternating current con-
., trol pulses be transmitted over the trunk line 2
" to the repeater terminating the distant end of

10 .

relays R460, R445, R430, R340 and RAS3 which

operate in the order named when the apparatus
(0. is taken for use end cooperate with the con-
trol relay R405 to cause a relatively short seizing

. pllse of alternating current to be transmitted
.- over the trunk line 12. The duration of a pulse

of this character is largely determined by the
slow-to-operate characteristics of the two relays
R445 and R433. The five enumerated relays also
cooperate with thie control relay R405 to cause

.a relatively long release pulse of alternating cur-

rent to.be transmitted over the trunk line {2
when a connection routed by way of the trunk
circuit apparatus 18s is cleared out by the oper-
ator attending the operator’s position 10. The
duration of this release pulse is primarily deter-

" mined by the time required for the pendulum

type relay R440 fully to restore after its winding

" is deenergized. As briefly outlined above, one of

the operating features of the present system per-
tains to the arrangement whereby the toll oper-
ators, in setting up connections on an automatic

© to automatic basis, may cause talking cireuits

to be established to busy called lines for: the
purpose of offering toll calls to the parties using
the called substations. This feature of the sys-
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tem requires that the operator attending the op~ -

“erator’s position 10 ‘be able to caitse a control

pulse of alternating current to be transmitted

40

over the trunk line 12 to the repeater terminating

the distant end of this line. To this end, there
are provided in the-trunk circuit apparatus 0.
two additional relays R415 and R420 which, in
cooperation with the slow-to-operate relay R445,

* the slow-to-release relay R430 and. the relay
RAD5 dre controllable from the operator’s posi-
-tion 18 to cause the indicated alternating cur-

rent . control pulse to be transmitted over the

- trunk line 12. The duration of a pulse of this

character is substantially greater than the dura-
tion of the seizing pulse mentioned above and
substantially less than the duration of the rela-
tively long alternating current release pulse, To

- Initiate the operation of the enumerated relays

to transmit a toll offering alternating current

‘control pulse over the trunk line 12, there is pro-.

vided at the operator’s position 10 a $oll offering
switch, comprising the contact springs 496, which

13 arranged to control the differentially wound

relay R415 over one of the impulsing leads. ex-

“tending to the calling plug 474, In order to con.

trol the line signal lamp 483 and the ‘supervisory
lamp 492, there are also included. in the trunk

RA50 and RABS, a slow-to-operate control relay
RA65 and an alternating current relay RA470,
which latter relay is arranged to be energized

by alternating current projected oveg the trunk
" line 12 from-the distant repeater {6, 'The indi-

cated signal lamps are further partially con-
trolled by the relay R460 and are only utilized

in'the supervision of connections routed by way
of the trunk circuit apparatus and completed on

45

an sutomatic to automatic basis. When the.
trunk circuit apparatus is arranged for ring-

“down operation in.completing connections on a

manual to manual exchange basis, the supers.
visory signals emhbodied in the operator’s cord
circuit, not shown, are relied upon to supervise
‘connections established by way of this appa-
ratus, - S :

SECTION 3.-~THE APPARATUS PRoVIDED IN THE
ExcHEANGE B '

Referring now in grester detail to the appa- -

ratus provided in the exchange B and consider-
ing first the apparatus provided at the operator's
position (4, 1t is pointed out that the trunk lines
incoming to this operator's position are termi-
nated at the contact springs of the transfer switch
800. Thus, the trunk line I2 extending to.the
exchange B is connected to the movable springs

-801 and 804 of the switch 800, whereby it msay

selectively be connected to the trunk circuit ap-

_paratus illustrated in the upper portion of Fig. 6

or to the trunk line 28 extending to the repeater
{6. Similarly, the trunk line 36, incoming to
the operator’s position (4 from the connector .
switches of the local finder-connector links pro- -

vided in the exchange B, is termiinated at-the

movable contact springs 807 and 818 of the tranis--
fer switch . 800, whereby it may selectively “be
connected to the trunk circuit apparatus illus- -
trated in the lower half of Fig. 6.or to the trunk - -
line .40 which also extends to the repeater {6.
Again, the trunk line 30 extending to the incom-
ing: connector switch 17 is connected to the mov-
able contact springs 816 and 821 of the transfer
switch 880, whereby it may ‘selectively be con-
nected to the trunk circuit apparatus illustrated
in the upper half of Fig. 7 or to the trunk line 29
outgoing from the repeater (8. PFinally, in the .
illustrated arrangement, the trunk line 41 by way -
of ‘which connections are routed through the re-

peater (8 to and from the exchange F, is con-

nected to the movable contact springs 824 and.
827 of the transfer switch 800: so that it may se-

lectively be connected to the trunk circuit appa-

ratus illustrated in the lower half of Fig. 7 or

to the trunk line 42 extending to the exchange F. - -

- Preferably, the transfer switch 800 is of the well-

50

known turret type and is ‘constructed so that,
when once operated to one of its two operating .
positions, it remains in the operated position until -

‘manuglly operated to the other position. Ob-°

viously, a-plurality of small switches may, if de<

" sired, be used in leu of the larger switch 800 for
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“circuit ‘apparatus 0. a pair of two-step relays -
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-performing the individual trunk lne switching -
-operations. . The operator’s telephone station 15

which is provided at the opérator’s position (4 is

illustrated in Fig. 5 as comprising a transmitter .
500, a receiver 601 and an induction coil 502 in-
cluding windings 503, 504 and 5§05 interconnected-

with the transmitter 508 and the receiver 501 to

form a substation circult of the well-known anti- -

side-fone type. More particularly, the receives
B804 is bridged across the winding 804 of the in-
duction coil 802 in series with & condenser 506, the
arrangement being such that, during operation
of the transmitter 500, substantially equal and
opposite induced voltages are developed in the
-‘winding 604 due to the coupling between this
winding and. the windings 603 and 505. Hence,
during operation of the transmitter 500, the de-
veloped signal currents are not reproduced by
the receiver 501. Current for energizing the
transmitter 500 is supplied to .this transmitter
from the exchange battery over a circuit includ-
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ing the winding of a retard coil .-607. For the
. purpose of connecting the substation circuit just

described with any one of the trunk circuits illus-

trated in Figs. 6 and 7, there is provided a link
" line 553 which comprises a pair of line conduc-
tors C547 and C548 connected to the line ter-
minals of the induction coil windings 503 and
504 and a conductor C546 included in the cir-
cuit for energizing the transmitter §00. This link
- line also includes a pulse control conductor C549
which is utilized in the t{ransmission of switch
control impulses from the operator’s telephone

10

station 15 on .calls originating at the operator’s -

position 4. More particularly, there is provided
‘a calling or impulsing device 508 including shunt

"' springs 509 arranged to control a slow-to-release

shunt relay R540. The calling device 508 also
includes a pair of impulsing springs 510 which
are connected to transmit switch control impulses
over the pulsing leads C650 and C854, Asshown
" in the drawings, the slow-to-release relay R540
is provided with an armature RAB41 for effec-
tively short-circuiting the receiver 501 during op-
eration of the calling device 508, thereby to pre-
vent transients produced as an incident of the
‘operation:of the calling device 508 from being
reproduced as ¢licks by the indicated receiver,

" For the purpose of establishing jumper or link
connections between talking circuits established

" to the operator’s position I8 on ealls routed to-

this position and talking circuits routed from
the operator’s position {4 to the desired called
substations, there is also included in the ap-
paratus provided at the operator’s position i4 a
plurality of link or connecting lines, one of which
is indicated at 852, Each siuch link line has as-
sociated therewith a supervisory lamp and a plu-
-ral'ty of line- signal lamps -individually corre-
"sponding to the trunk circuits provided at the
. operator’s position 4. Thus, the link line 552
. has individually associated therewith a super-
. . visory lamp 8il and s plurality of line signal
" lamps 649, 679 and 106, which line signal lamps
are individually associated with the two trunk

circuits shown in Fig 6 and the lower trunk

circuit of ¥ig. 7. In order to supplement the
visual s'gnal provided by the supervisory lamp
511 and the other supervisory lamps individually
_ corresponding to the other link lines,. there is
provided at the operator’s telephone station 16
an audible signal device in the form of a buzzer
535 which is arranged to be controlled by a re-
lay R830. This relay is connected to be ener-
gized in serles with any one of the supervisory
iamps. individually associated with the link lines
provided at the operator’s position {4, The visual
signals provided by the line signal lamps. asso-
ciated with the. respective .link lines are also
adapted to be supplemented by the operation of
an audible signal device in the form of a second
buzzer 525 having an operating circuit controlled
by the relay RB20. This relay is arranged to be
energized in series with any one of the respective
ine signaling lamps. The arrangement is such
that the two audible signaling devices 525 and
535 may be locked out of service by the operator
‘attending the position 14, if the audible signals
are not desired. To this end, there is provided
a manually operable key controlled switch of
“the locking type which includes a set of contact
springs 5§18 commonly included in the operating
7 clrcults for the two signaling devices 525 and
536. For the purpose of connecting the link line
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. 604 and 606 having line terminals normally con--
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- In the lower half of Fig. 8 as comprising a re-
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883 extending to the operator’s telephone set to 75

the respective trunk circuits provided at the op-
eratcr’s position 14, each trunk circuit includes
therein a call and answer switch. These four
switches for the four trunk circuits illustrated
are indicated generally at 649, 666, 764 and 707,
respectively. In s similar manner, each of the
trunk circuits includes therein a line connecting
switch whereby connections msay be established
to each of the other connecting link lines pro-
vided at the operator’s position 14. These

" switches -as provided for connecting the four -

trunk circuits illustrated fo the link line 552 are
indicated at 607, 658, 187 and 101, respectively.

Each of the enumerated switches is of the key

operated locking type of which several well-
known embodiments are commercially available.

Referring now more particularly to the trunk
circuit normally terminating the trunk line 2
interconnecting the exchanges A and B, this cir-
cuit comprises & repeating transformer 600 in-
cluding two windings 601 and 602 having line ier-
minals adapted to be connected to the respective
line conductors of any one of the link lines pro-
vided at the operator’s position. The trans-
former 600 further comprises a pdir of windings

nected to the conductors of the. link line 830
having line conductors connected to the coniact
springs 802 and 805 of the transfer switch 200.
F'or»'the‘ purpose of projecting ringing current
over the link line 830 and the trunk line 12 on
calls originating at the operator’s position i4
and.completed on a manual to manual exchange
basis, there is provided- & slow-to-operate ring-
ing relay RE45. and a key operated ringing gwitch
€32. 'The line and supervisory lamps commonly
assoclated with this trunk circuit. are arranged
to be controlled by the three relays R630, R635

and R640, the first of which is an alternating

current relay connected to be energized by ring-
ing current projected over the trunk line {2 and
the link line 830. This alternating current re-

‘lay is arranged to control the normally ener-

gized slow-to-release relay RE685 and the last-
mentioned relay, in turn, directly controls the
line signal lamp 649 individual to the trunk cir-
cuit apparatus normally teiminating the trunk
line {2. The relay R640 is provided to insure
the - energization of the slow-to-release relay
RE636 when the trunk ecircuit apparatus is not in
use, : :

The trunk circuit apparatus normally termi-
nating the trunk line 36 extending from the
bhank -contacts of the - connector switches em-
bodied in the respective local finder-connector
links provided in the exchange B is illustrated

peating transformer 650 and three relays R685,
RE80 and R695. The transformer 658 includes
two windings 851 and 652 having line terminals
arranged to be connected to the line conductors
of any one of the link lines provided at the op-
erator’s position (4, This transformer also in-
cludes two additional windings 654 and 655 hav-

ing line terminals normally connected by way of

the conductors of the link line 831 to the cin-
tact springs 808 and 8i4 of the transfer switch
800. Of the three enumerated relays R685, RGSO
and R68B, the relay R885 is in the nature of a
line relay and is operative when the trunk line
36 extending to the trunk circuit apparatus is
seized. This relay is arranged to control ithe
line signal lamp 619 individual to the trunk cir-

cult apparatus including the same, and also to

control the slow-acting hold relay’ R680. The

'
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_position 14 over the trunk line 42. On calls in-

last-mentioned relay functions to control the line
signal lamp cut-off relay R695 and also the ap-
plication of ground potential to the control con-

- ductor C837 of the link line 831,

Referring now more particularly to the trunk
circuit apparatus normally terminating the trunk
line 30 extending to the incoming connector
switch 11, this apparaus is illustrated in the up-
per portion of Fig. 7 as comprising a repealing
transformer 171, three control relays R786, R7199
and R795, and a toll offering switch comprising
The transformet 171
includes a pair of windings 712 and 113 having
line terminals adapted to be connected to the
line conductors of any one of the link lines pro-
vided at the operator’s position 14 through op-
eration of appropriate ones of the connecting
switches mentioned above. This transformer
also includes an additional pair of windings 115
and 176 having line terminals normaliy con-
nected over the conductors of the link line 832
to the contact springs 817 and 822 of the trans-

_fer switch 800. This trunk circuit is adapted to

be utilized only on calls outgoing from the op-

"~ erator's position 14 and, hence, it is unnecessary

to provide a line signal lamp in association there-
with. The relay equipment embodied in the line
circuit is provided. solely for the purpose of
enabling outgoing -calls to be routed through the
incoming connector switch {7 to the desired sub-
station and the resulting connection to be prop-
erly supervised. Thus, the relay R180 is ar-
ranged to operate in response to operation of the
calling device 508 provided at the operator’s tele-
phone station 155 to connect the line conductors

of the link line 832 to the pulsing leads C550 and.

C551, whereby switch control impulses may be
transmitted over the link line 832 and the trunk
line 30 to the incoming connector switch 7.
The relay R795 is in the nature of a line relay
in that it is adapted to respond to operation of
any one of the connecting switches embodied in
the trunk circuit .apparatus to complete a loop
circuit to the associated incoming connector

switch 17. The relay R790 is a back bridge relay .

of the electro-polarized type and is provided for
the purpose of controlling the supervisory lamp
associated with any one of the link lines, as,
for example, the line 552 utilized in completing

a connection between two of the substations em-

bodied in the system. The toll offering switch
comprising the springs 153 is provided for the
purpose of impressing ground potential upon the
lower line conductor of the link line 832, therehy
to unbalance an established loop circuit extend-
ing to the incoming connector switch 7.

The trunk circuit normally terminating the
trunk line 42 extending to the exchange F is il-
lustrated in the lower portion of Fig. 7 as com-
prising a repeating transformer 115 and five con-
trol relays R130, R140, R145, R150 and R155. As
shown, the transformer 7115 includes a pair of
windings 716 and TiT having line terminals
adapted to be connected to the line conductors
of any one of the link lines provided at the op-
erator’s position 14 in response to operation of
appropriate ones of the line connecting switches
embodied in the indicated trunk circuit. The
transformer 115 also includes a pair of additional
windings 119 and 12{ having line terminals nor-
mally connected by way of the conductors of the
link line 833 to the contact springs 825 and 828

- of the transfer switch 803. This trunk circuit

is arranged to be used in completing and su-
pervising calls routed to and from the operator’s
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coming to the operator’s position over the indi-
cated trunk line, the trunk circuit apparatus is
arranged for ring-down operation. More par-
ticularly, the relay R150 is an alternating current
relay and is connected to be energized by ringing
current projected over the link line 42 from the
automatic switching apparatus provided in the
exchange F. This alternating current relay is
arranged to control the normally cnergized slow-
to-release relay R155, which latter relay, in turn,
directly controls the line signal lamp 706 indi-
vidually associated with the trunk circuit appa-
ratus under consideration. The relay R145 is in
the nature of a line relay in that it is operative,
under the control of the line connecting switches
embodied in the trunk circuit, to establish a
loop circuit including the trunk line 42 to the
automatic switching equipment provided in the
exchange F. This relay is also arranged to in-
sure the energization of the slow-to-release relay
R155 during intervals when the trunk circuit .~
is not in use. The relay R130 corresponds to the

relay R180 described above, in that it is pro- - -

vided for the purpose of connecting the line con-
ductors of the link line 833 fo the pulsing leads
C850- and CS551. Finally, the relay R140 is an
electropolarized back bridge relay and is provided
for the purpose of controlling the supervisory
lamp individually associated with the one of the
link lines utilized in establishing a jumper con-

‘nection between two talking circuits extending

to the operator’s position (4.

Referring now more particularly to the auto-
matic switching apparatus provided in the ex-
change B and considering first the two-way re-
pealers 16 and 24, it is pointed out that these two
repeaters are of identical arrangement and that
corresponding elements thereof are identified by
reference numerals having the same tens and
units digits. Considering the repeater 16 by way
of example, this repeater is illustrated in Figs.
10 and 11 as comprising a repeating transformer
1113 including a pair of windings ({14 and 1115
having line terminals adapted to be connected
to the line conductors of the trunk line 40, the
line conductors of the trunk.line 44, or the line
conductors of the trunk line 29 depending upon
the point of origin of a call routed through the
repeater. The transformer 1§73 also comprises
a second pair of windings 1118 and 1179 having
line terminals normally connected to the con-
ductors of the trunk line 28 extending to the
operator’s position 14. As indicated previously,
the control apparatus embodied in the repeater
16 is arranged to transmit and respond to control
or supervisory pulses of alternating current of .
three different types, distinguished only by. the
extent or duration thereof. The repeater is also
arranged to convert received alternating current
switch control pulses transmitted thereto over
the trunk line (2 into corresponding direct cur-
rent impulses which are transmitted over the
trunk line 29. More particularly, the relay

5 equipment embodied in the repeater 16 com-

prises an alternating current relay RI(115 which
is connected to respond to each pulse of alter-
nating current transmitted over the trunk line i2
from the operator’s position 10 when this trunk
line is connected to the trunk line 28 extending
to the repcater 16. The relay equipment em-
bodied in the indicated repeater further com-
prises a plurality of relays R1050, R1060, RI{00,
RI105, RI110, R1130, RI150, RI160, RI{65 and
R 1170, all of which are arranged to be controlled
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by the alternating current pulse responsive relay
R1115 during the operation of the repeater to
extend a connection routed thereto over the
trunk line (2 through the incoming connector
switch- 11 to a desired called substation. More
‘particularly, the relay R1050 is of the two-step
type and is arranged partially to operate in re-
sponse to the first operation of the relay RILIS
and to complete its operation when the relay
RI115 subsequently restores. The relay R1130
is. arranged to operate in response to the op-
eration of the two-step relay RI1050 and func-
tions to control the operation of the three relays
RI1100, R1105 and RIit0. These three relays are
arranged to operate in a cyclic manner and
function to control the operation of a stepping
switch generally indicated at 1070. This step-
ping switch is arranged to perform a variety of
functions, among which are its operation to
initiate the release of the repeater when a con-
nection routed by way thereof is released and
its operation to initiate the release of the re-
peater in the event at least one pulse of alter-
nating current, following an alternating current
- seizing pulse, is not transmitted thereto within a
predetermined time interval. More particularly,
there is provided a slow-to-release relay R1045
which is arranged to release the repeater 16 in
response to the operation of the stepping switch

1070 to a predetermined one of its plurality of .

off-normal positions. The stepping switch 10768
is of the well-known minor type and comprises
two sets of contacts, two wipers electrically con-
nected together and indicated as a single wiper
1071, an operating magnet 1012 for driving the
wipers over the contacts of their respective asso-
ciated contact sets, a release magnet 1073, and a
set of off-normal springs 1074 for controlling the
energization of the release magnet.

The arrangement of the repeater 16 is such
that, after the repeater is seized, the relay RILIS
tollows the alternating current switch control
pulses transmitted thereto over the trunk line 12
in response to operation of the calling device
489, and the two relays RI160 and RIIT0 re-
spond to the operation of ‘the relay RIHIS to
repeat the pulses as direct current impulses over
the outgoing trunk line 29 to the incoming con-
nector switch 17, More particularly, the two

relays RI160 and Ri{10 comprise an impulse ;;

correcting network arranged to compensate any
distortion of the alternating current impulses.
During impulsing, the slow-to-release relay
R1165 and the relay R 1140 cooperate to cause the

deenergization of the relay RI130 at the begin- |
ning of the first pulse of the first pulse train

transmitted to the repeater 16 after the seizure
thereof, whereby the cyclic operation of the
three relays RI(100, R1i05 and Ri1i0 and the
operation of the switch 1070 are arrested. The
arrangement is such that the release circuit of
the switch 1070 is closed to cause the wiper 10Tl
to be returned to its normal or home position
each time the cyclic operation of the three relays
is arrested. During impulsing, the slow-acting
relay R1860 functions to reduce the impedance
of the loop circuit extending to the operated in-
coming connector switch, whereby the repeated
impulses are more effectively transmitted to this
switch. As briefly pointed out above, after a
connection has been routed through the incom-
ing connector switch 1T to a busy called line,
it is necessary that the loop circuit incoming
to this switch be unbalanced if a talking circuit
to the called line is to be established for the
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purpose of offering the call to the called sub-
scriber. 'To this end, the relays RII15, RII65
and RI11718 are arranged to respond to a control
pulse of alternating current transmitted over the
line 12 to the repeater 16 and function to im-
press ground potential upon one side of the in-
dicated loop circuit, thereby to unbalance the
circuit. Although the operation of the relay
RI130, the cyclically operating relays RI1100,
R1105 and RIt10 and the stepping switch (070
is initiated at this time, the resulting operatlion is
without effect and the indicated elements are re-
stored to normal when the control pulse is ended.
For the purpose of transmitting alternating cur-
rent control pulses from the repeater (6 over
the. trunk line 28, there is provided therein a
relay Ri140. After a connection routed through
the repeater (6 is completed, this relay, as con-
trolled by the cyclically operating relays RI1100,
R{105 and R{110, functions to transmit control
pulses of alternating current over the trunk lines
28 and 12 to the trunk circuit apparatus {8a for
the purpose of supetrvising the established con-
nection. Under the conditions stated, the three
enumerated cyclically operating. relays are ar-
ranged to be controlled by an electropolarized
back bridge relay RI1065, which relay is con-
nected to respond to reversals of battery over an
established lcop circuit including the trunk line
28. In order to prevent alternating current from
being transmitted over any one of the trunk lines
29, 40 and 44, there is also provided a slow-acting

' relay R1120 which operates to disconnect the
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line terminals of the transformer windings 1178
and (119 from the conductors of the trunk line
28 each time the alternating current pulse con-
trol relay R1148 is caused to operate,

The last-mentioned relay, namely, the relay
RI1140, is also utilized to cause seizing, supervisory
and release pulses of alternating current to be
transmitted over the trunk line 28 on calls routed
to the repeater 16 over either of the trunk lines
40 and 44 incoming to this repeater. More par-
ticularly, there are provided line and hold relays
RI005 and RI1000, respectively, which are suc-
cessively operated when the repeater (6 is seized
over one of the indicaled trunk lines. A control
relay R1030 is also provided which is arranged to
respond to the operation of the hold relay R1600
and functions to initiate the cyclic operation of
the three relays R1100, R1105 and R1{10, thereby
to cause the relays RI1120 and R(140 to operate
and, transmit the desired seizing pulse of alter-
nating current over the trunk line 28. During
the release of the connection as routed through
the repeater 16 in this direction, the alternating
current relay Rii15, in cooperation with the re-
lays RI1130, R1045 and R1050, the cyclically op-
erating relays R{100, R1105 and RI{10, and the
stepping switch {070, operates to cause the re-
lease of the repeater when the connection is
cleared out at the operator’s position 10 in the
exchange A.

The control apparatus emboedied in the repeater
{6 further comprises three additional relays
Ri012, R1020 and R1040 which are arranged to
respond to the operation of the relay Ri115 re-
sulting from supervisory pulses of alternating
current transmitted to this repeater. The first
of these three relays is a battery reversing relay
operative to reverse battery over the conductors
of the trunk line 40 and the remaining two there-
of are provided for controlling the relay RI0{2.
In the particular arrangement of the repeater (8,
these relays are not utilized for any control func-
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tions, although the presence thereof in no way
adversely affects the operation of the repeater.

The repeater control apparatus also includes two.

additional differentially wound relays R{0108 and
R1024 which are provided for causing a toll of-
fering control pulse of alternating current to be
transmitted over the trunk line 28 and are not
used in the parlicular applicalion indicated for
the repeater |6. The relays corresponding to the
five relays RI040, R1012, R1020, R1024 and R1040
and provided in the repeaters 24 and 50, for ex-
ample, are utilized in the completion and super-
vision of connections routed by way of these re-
peaters. Although the five enumerated relays
are not used in the repeater 16, by providing a re-
peater of universal design for different applica-
tions, the unit cost of construction of a number
of such repeaters is lowered. In the repeater 24
illustrated in Figs. 17 -and 18, the relay RITI2,

‘which corresponds to the relay R1012 of the re- oy

peater {6, is arranged to reverse battery over the
trunk line 32 in response to control pulses of al-
ternating current transmitted to the repeater 24
over the trunk line 37. This battery reversing
relay is under the control of the two relays R1120
and R{740 which respectively correspond to the
relays R1020 and R1040 provided in the repeater
{6. Fach of the two relays RIT12 and RI720 is
of the two-step type, while the relay R1740 is of
the slow-to-operate type.. The
wound relay R1110, which corresponds to the re-
lay RI0I0 of the repeater 18§, is arranged to re-
spond to an unbalanced condition of the loop cir-
cuit extending to the repeater 24 to cause the

relay RI1840 to operate and transmit a control i

pulse of alternating current over the trunk line
31 to the distant repeater 50. Operation of the
cyclically operating relays Ri860, Ri805, and
RI1810 and of the stepping switch 1710 is also in-
itiated when the toll offering relay RIT10 is caused
to operate, the duration of the operating current
control pulses being measured by the operation
of the stepping switch 1170. More particularly,
the pulse is terminated in response to the restora-

tion of the relay Ri724 which occurs when the-

wiper {171 of the switch (7710 is operated to a
predetermined off-normal position.

Referring now more particularly to the line
circuits individually associated with the sub-

scribers’ lines terminating at the exchange B and ;

censidering the line circuit shown in Fig. 22 in
association with the line 33 as exemplary of the
form of line circuit used in conjunction with
lines of the single party type, it will be noted that

this line circuit comprises the usual line, cut-off 5

and lockout relays R2250, R2260 and R2255, re-
spectively, of which the last-mentioned relay is
of the slow-acting type. This line circuit also
comprises a call metering device which is opera-
tive to register calls initiated at the substation T3
individually associated with the line 33. This
call metering device is indicated as comprising an
operating magnet 2270 having an armature ar-
ranged to contrel an cperating pawl 227{ asso-
ciated with a ratchet wheel 2272 which is ar-
ranged to drive the register cylinder of the device.
The line circuits individually associated with the
. trunk lines terminating in the bank contacts of
the local finder switches provided in the exchange
B are quite similar in arrangement to the line
circuit associated with the subscriber’s line 33
and described immediately above. Thus, the line
circuit 23 associated with the link line 46 and
utilized on calls routed over the trunk line 37 to
the repeater 24, is shown in Fig. 23 as comprising

“t

differentially ;

Tt

5 been shown in detail.

5 the line 34.

31
the usual line, cut-off and lockout relays R2300,
R2320 and R2310, respectively. The line circuits
individually associated with the subscribers’ lines
of the duplex type are somewhat different in
character from those terminating lines of the
single party type. Thus, the line circuit shown
in Fig. 21 in assoclation with the duplex line 34
comprises a line relay R2160, a cul-off relay
R21(20, a slow-acting lockout relay R2130, two ad-
ditional relays R2140 and R2(50 arranged to be
controlled by the line relay R21(60, and call regis-
tering or metering devices individually corre-
sponding to the two substations associated with
the line 34. The line relay R2160 is of the differ-
entially wound type and is so connected and ar-
ranged that it remains operated for the dura-
ticn of calls initiated at one of the two substa-
tions associated with the line 34 and remains in
its restored position for the duration of calls ini-
tiated at the other of the two substations. The
relay R2150 is provided for the purpese of selec-
tively connecting the operating magnets 2115 and
2116, respectively embodied in the calling meter-
ing devices respectively corresponding to the sub-
stations T1 and T3, to be energized in response to
the application of booster battery potential to
the control conductor C21718 of the line 34. The
device embodying the operating magnet 217§ is
arranged to register calls initiated at the substa-
tion Ti while the device including the operating
magnet 2176 is arranged to register calls ini-
tiated at the substation Tz, all in the manner ex-
plained with particularity hereinafter.

The arrangement of the substation apparatus
individually provided at the substatinons of the
single party type is entirely conventional and
somewhat different from that of the apparatus
provided at the substations associated with sub-
scribers’ lines of the duplex type. For this rea-
son, the substation apparatus provided at the
substation Tz in association with the line 33 has
been only diagrammatically illustrated, whereas
the apparatus provided at each of the substations
T: and T2 associated with the duplex line 34 has
The apparatus provided
at the substation T:1 comprises a transmitter 2169,
a receiver 2168 and a hook switch 2167 for oper-
atively connecting the substation apparatus to
the line 34. The apparatus provided at this sub-
station further comprises a calling or impulsing
device 2185 and a signal device in the form of
a ringer 2180 normally connected in series with
a condenser 2181 between the line conductor
C1386 and ground. Also provided at this sub-
station is a slow-to-release lock-out relay R2100
having its winding bridged by an audio frequency
by-pass condenser 2104 and being utilized to lock
the associated substation equipment out of serv-
ice when the apparatus provided al the substa-
tion T2 is being used. In a similar manner, the
equipment provided at the substation T2 com-
prises a transmitter 2113, a receiver 2174, and a
hook switch including a receiver supporting arm
2112 for operatively connecting the apparatus to
The equipment provided at this sub-
station further comprises a calling device 2184, a
ringer 2182 connected in series with a condenser
2183 between the line conductor Ci384 and
ground, and a slow-to-release lockout relay R2110
having its winding bridged by an audio frequency
by-pass condenser 2114, This relay, like the re-
lay R2100, is provided for the purpose of locking
the apparatus provided at the substation T2 out
of service when the substation equipment located
at the substation T: is being used.
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Referring now more particularly to the incom-
ing connector switch 17 {llustrated in Figs. 12 and
13, this switch comprises a switching mechanism
1370 of the well-known Strowger type having em-
bodied therein a plurality of bank contacts ar-
1anged in levels, wipers 1371 to 1314, inclusive,
adapted to traverse and engage the contacts of
the associated contact field, a vertical magnet
i256 for elevating the enumerated. wipers to a
position opposite a desired level, & rotary magnet
1356 for rotating the wipers over the contacts of
‘a selected level and into engagement with a set
of contacts terminating a desired line, and a re-
lease magnet 1208 for returning the wipers to
normal during the release of the switch.  This
switching mechanism also includes a plurality of

apparatus of the incoming connector switch T is
arranged to established an uninterrupted metal-

~ lic cireuit between the trunk line incoming theie-

10
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- sets of off-normal springs indicated at 1207, 1218, .

12595, 1257, 1397 and {398, respectively, which are
arranged to perform various control functions
described in detail hereinafter. The relay equip-
ment embodied in the incoming connector switch
11 comprises a line relay RI235 a slow-acting
hold relay R1240, a slow-acting pulse circuit con-
trol relay R1245, and a slave relay R1250 under

the control of the series relay R1245 and arranged’

to control the application of dial tone voltage to
the conductors of the trunk line 30. Dial tone
voltage is derived through the windings of a
transformer 1258 having its primary winding con-
nected to a source of alternating current, not
shown. The relay equipment embodied in the
connector switch 17 further comprises a busy test
relay R#320 which is operative to determine the
idle or busy condition of a selected called line
and a slow-to-cperate line switching relay R1360
which is operative to initiate the ringing oper-
ation when a selected called line is tested and
found to be idle. For the purpose of controlling
the operating and holding circuits for the busy
test and line switching relays R1320 and R1360,
there are provided three pulse responsive relays
R{335, R340 and RI350, all of which are ar-
ranged to operate at the beginning of each series
of impulses transmitted to the incoming connect-
or switch 17 and to remain operated until shortly
after each impulse series is ended. There is also
provided a control relay R1310 which is operative
to arrest the ringing operation and to complete a
connection to the desired called line when a con-

nection as rouled to the line is answered at the !

called substation. The last-mentioned relay is a
slave to a slow-acting ring cut-off relay R1300.
After a connection routed through the incoming
connector switch is completed, supervision there-
of is maintained through the provision of two re-
lays RI1217 and R{220, the first of which is ar-
ranged to be energized over an established loop
circuit extending to-a called substation in series
with the line balancing impedance element 1219
and is arranged to control the relay R1220. The
last-mentioned relay is provided for the purpose
of reversing battery over the conductors of the
trunk line 30 in. response to the completion or
interruption of the loop circuit extending to a
selected called substation.  As indicated previ-
cusly, the incoming connector switch T has ac-
cess to one or more groups of trunk lines and is
arranged for automatic trunk hunting on cer-
tain levels. To provide this service, there is in-
cluded in the switch a relay R1330 which, in co-
operation with the busy test relay RI1320 and the
three impulse responsive control relays Ri335,
11340 and RI350, functions to control the rotary
magnet 1356 of the switching mechanism (370
during a trunk hunting operation. The control
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to and the selected trunk line oulgoing therefron,
on a trunk call of the character indicated. To
this end, there is provided a switching-lhrough
relay R1200 which is arranged lo operate follow-
ing the selection of an idle trunk iinc of a selected

. trunk line group. For the purpose of establish-

ing a toll offering connection to a busy called line
selected by the incoming connector switch 11,
there are also embodied in this switch two addi-
tional relays R1230 and RI210, the first of which
is of the differentially wound type and is ar-
ranged to operate in response to an unbalanced
condition of an established loop circuit extending
to the switch 11. These two relays, in cooper-
ation with the busy test relay R1320, not only
function to cause the desired toll offering con-
nection to be established to a selected busy called
line but, in addition, function to cause the called

substation to be signaled and the desired talking '

circuit thereto to be completed following the re-
Jease of the previously established connection ex-
tending to the called substation.

As outlined previously, the subscribers’ lines to
which the incoming connector switch 17 has ac-
cess are of three different types, namely, cingle
party lines, lines of the duplex type and lines of
the multiplex type. In the selection of a desired
substation associated with a selected line of the
multiplex type, it is necessary that one series of
impulses dialed at the calling telephone station
be transmitted to the station selecting apparatus
associated with ihe selected called line. 1In or-
der to adapt the incoming connector switch T
to operate-in this manner, the switching mecha-
nism 1310 is provided withh an extra bank con-
tact field seciion, the contacts of which are
adapted tc be traversed by the extra control
wiper 1374, and the relay R1304 is provided ir. the
relay equipment of the switch. This relay is
arranged to be controlled over a circuit including
the indicated extra control wiper and functions
to ccnditicn the remaining relay apparatus to
repeat the impulses of a final digit dialed at the
calling telephone station as negative bhattery
pulses over the positive side of a selecLed line of
the multiplex type.

Referring now more particularly to the re-
peater 20 terminating one end of the trunk line
31’ interconnecting the exchanges B and E, this
repeater is illustrated in Fig. 16 as comprising a
repeating transformer (670 including windings
{671 and {6712 having line terminals normally
connected to the line conductors of the trunk
line 38 extending to the bank contacts of the
local connector switches provided in the exchange
B and also connected to the line conduntors of
the trunk line 31 extending to the bank contacts
of the incoming connector switch 1T described
in the preceding paragraph. The transfcrmer
1670 further comprises two additional windings
16713 and 1674 having line terminals adapted to
be connected to the line conductors of the trunk
line 31’. The control apparatus embodied in
the repeater 20 includes a line relay R1655, a
slow-acting hold relay RI1660 and a slow-to-re-
lease line switching relay RI1665. There is also
included in the indicated relay equipmment an
electropolarized back bridge relay R1640 which
is arranged to respond to reversals in the direc-
tion of current flow over a loop circuit estab-
lisped by way of the trunk line 31’. This back
bridge relay is arranged to control a battery re-

er
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versing relay RI620 which is provided for the
purpose of reversing battery over the line con-
ductors of the trunk line 31 without affecting the
direction of current flow or polarity of the voltage
impressed upon the line conductors of the trunk
line 38. The relay Ri620, in cooperation with
two additional relays R1645 and R1650. also
functions to control the application of booster
battery potential to the control conductor C1686
of the trunk line 38. For the purpose of un-
balancing an established loop circuit exterding
by way of the trunk line 31’ to the automatic
switching apparatus provided in the exchange
E, thereby to cause a toll offering connection to
be established to a selected busy line on a toll
call routed through the repeater 20, there is also
provided in this repeater a differentially wound
toll offering relay RiI630 which is arranged to
operate in response to an unbalanced condition
of a loop circuit established to this repeater and
including the trunk line 31.

The repeater 18 associated with the trunk line
41 and illustrated in Fig. 14 is substantially

* similar to the repeater 20 described in the pre-

ceding paragraph, Thus, the repeater {8 com-
prises a repeating transformer (450 including a
pair of windings 1453 and (454 having line ter-
minals normally connected to the line conductors
of the trunk lines 35 and 37’. The transform-
er 1450 also includes two additional windings
1451 and 1452 having line terminals adapted to
be connected to the line conductors of the trunk
line 4. The relay equipment embodied in this

. repeater comprises a line relay RI1430, a slow-

acting hold relay R1405, a slow-to-release line
switching relay R1400, an electropolarized back
bridge relay R1420 and a battery reversing relay
R1440. This battery reversing relay is arranged
so that it is only operative to reverse battery
over the trunk line 35 extending to the bank
contacts of the incoming connector switch {7,
The relay equipment embodied in the repeater
{8 also includes a differentially wound toll offer-
ing relay R1435 which corresponds to the relay
R{630 of the repeater 20, and two additional re-
lays R14190 and R1415 which, in conjunction with
the back biridge relay R1420 and the battery re-
versing relay R1440, are operative to control the
application of booster battery potential to the
control conductor Cl461 of the trunk line 37’
extending to the bank contacts of the local con-
nector switches provided in the exchange B.

The trunk circuit apparatus 19 which termi-
nates the trunk line 43 outgoing from the re-
peater I8 is operative to select either of the two
trunk lines 44 and 44’ and is illustrated in Fig. 15
as comprising an alternating current line relay
R{500, a slow-acting hold relay R{510, and a ring
cut-off control relay R1520. Also embodied in
this apparatus are a pair of trunk selecting re-
lays R153C and RI1540 which jointly control the
selection of an idle one of the trunk lines 44
and 44’ outgoing from the trunk circuit 19. The
relay R1520, which is described as a ring cut-off
control- relay, is also arranged to control the
connection of the busy tone current source pro-
vided in the exchange B to the conductors of
the trunk line 43, this relay being arranged to
operate only in the event one of the trunk lines
44 and 44’ is idle at the time the apparatus is
seized and a loop circuit by way of the idle trunk
line is established to the repeater associated
therewith.

Referring now more particularly to the local
finder-connector link 25 illustrated in Figs. 19
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and 20, the finder portion of this link comprises
a rotary finder switch 2070 at which the sub-
scribers’ lines extending to the exchange B ter-
minate. This switch includes three sets of bank
contacts, wipers 2071, 2072 and 2013, respective-
ly associated with the contact sets, and an oper-
ating magnet 2056 for driving the enumerated
wipers over the contacts of their respective as-
sociated sets. The connector end of the link
comprises a Strowger switching mechanism 1900
having a plurality of contacts arranged in levels
in the usual manner, wipers 901 to 1904, inclu-
sive, a vertical magnet 2008 for elevating the
wipers to a position opposite a selected level of
contacts, a rotary magnet 1974 for rotating the
wipers over the contacts of a selected level and
into engagement with: a set of contacts terminat-
ing a desired line, and a release magnet 2033 for
returning the enumerated wipers to their respec-
tive home positions during the release of the link.
The switching mechanism 1900 also includes a
plurality of sets of off-normal springs 1997, 2017
and 2034 which perform various control opera-
tions described in detail hereinafter. Two addi-
tional sets of off-normal springs, one of which
is indicated as comprising the springs 2091, 2692
and 2093 and the second of which is indicated as
including the springs 2016, 2016’ and 2017’, are
also provided for performing additional control
functions referred to in detail hereinafter. The
relay network embodied in the link circuit in-
cludes the usual line and hold relays R2035 and
R2010, respectively, a slow-acting pulse circuit
control relay R2005, and a slave relay R2000
which is under the control of the relay R2005% and
functions to control the application of dial tone
signals to calling lines and also the operation of
the ringing and tone apparatus associated with
the respective links. For the purpose of con-
necting the conductors of a selected calling line
through to the line terminals of the line relay
R2035, there is provided a line switching relay
R20508 which is operative when the wipers of the
finder switch 2070 are rotated into engagement
with the contacts terminating the conductors of
a calling line. The relay network further com-
prises a slow-acting series relay R1930, a slow-
acting control relay R1920, and a slave relay
R1925 under the control of the relay R1920, all of
which are arranged to operate in response to op-
eration of the line relay R2035 during impulsing.
The three enumerated relays function to control
the respective operating circuits for the. busy
test and line switching relays indicated at R1940
and R1910, respectively. The line switching re-
lay R{910 is of the slow-to-operate type and
functions to project ringing current over a se-
lected idle line shortly after the operation of the
switching mechanism 1900 to select a desired
line is completed. In order to arrest the ringing
operation and to complete the desired talking cir-
cuit to the called line when the call is answered
at the called suhstation, there is also provided in
the link circuit apparatus a slow-acting ring cut-
off relay R1970 which is arranged to control the
operation of a slave relay RI1950, the last-men-
tioned relay, in turn, being connected and ar-
ranged to perform the actual line switching and
ring cut-off operations. In order to provide for
the application of booster battery potential to
the control conductor of a selected calling line,
thereby to control the operation of the call reg-
istering device associated with the calling sub-
station, there is also embodied in the link cir-
cuit apparatus a slow-to-release control relay
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R2030, the operation of which is under the con-
trol of a back bridge relay R2020. More par-
ticularly, the back bridge relay 2020, which oper-
ates only when a call routed to a called line is
answered at the desired called substation, is op-
erative to impress booster battery potential upon
the control conductor of a calling line and the
slow-to-release relay R2030 is operative to deter-
mine the period during which booster battery po-
tential is maintained upon the control conductor
of the calling line. ‘

As indicated previously, the connector switches
embodied in the respective local finder-connector
links provided in the exchange B have access to
one or more groups of trunk lines and each there-
of is arranged for automatic trunk hunting in
order to facilitate the selection of an idle trunk
jine in a selected group. 'To this end there is
provided in the link circuit of the finder-con-

nector link 25 a control relay R{935 which coop- ¢

erates with the three relays R1920, RI1925 and
R 1930 and the busy test relay R1940 to cause the
rotary magnet 1974 to drive the wipers of the
switching mechanism 1900 until an idle trunk
line of the selected trunk line group is found.
On a trunk call of the character indicaied, the
link circuit apparatus is arranged to provide an
uninterrupted metallic circuit between the con-
ductors of a calling line and the line conductors

of the selected trunk line.  Such a circuit is es- ;

tablished through the provision of a switching-
through relay R2040 which is arranged to op-
erate only on calls routed to one of the trunk
lines terminating -at the connector end of the

link. In order to adapt the link circuit appara- :

tus of the finder-connector link 25 for use in con-
trolling the station selecting apparatus associated
with a selected calling line of the multiplex type,
the switching mechanism (900 is provided with
an extra bank contact field section, the contacts
of which are adapted to be engaged by the extra
control wiper 1803; and a relay R1960, arranged
to be energized over a circuit including the extra
control wiper 1903, is embodied in the link circuit
apparatus. This relay is arranged to operate
only on calls routed to a subscriber’s line of the
multiplex type and functions to condition the
link circuit apparatus embodied in the link 25
to repeat the impulses of a final digit dialed at a
calling substation as negative battery pulses over
the positive side of the selected called line, where-
by the station selecting apparatus associated
with the called line is caused to operate to select
the desired called substation. For the purpose of
forcibly releasing the link 25 in those instances
when the link may be seized and no switch con-
trol pulses are transmitted thereto, there is pro-
vided in the link circuit apparatus a pair of bi-
metallic or thermal control relays indicated at
2058 and 2062, respectively. These two thermal
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relays are operative to cause the link to be re- -

leased in any case where the link is seized and
no switch control impulses are transmitted there-
to within a predetermined time interval.

As pointed out previously, idle ones of the local
finder-connector links, including ‘the link 25 de-
seribed in the immediately preceding paragraph,
are successively assigned to the use of succes-
sive calling lines through the operation of the
distributor 26 illustrated in Fig. 22. This dis-
tributor comprises a rotary switch 2200 and con-
trol apparatus including a plurality of relays
R2?210, R2215. R2220, R2225, R2230, R2235,
12240 and R2245. More particularly, the rotary
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switch 2200 comprises four sets of bank contacts, 75

wipers 2201 to 2204 respectively associated with
the contact sets, and an operating magnet 2205
for driving the enumerated wipers over the con-
tacts of their respective associated contact sets.
Each position of the enumerated wipers corre-
sponds to one of the associated finder-connector
links and, with the wipers standing in any given
position, the control apparatus of the distributor

_is operative to cause the finder portion of the se-

lected link to operate and seize a calling one of
the subscribers’ lines., More particularly, the re-
lay R2230 is a start relay which is operative in
response to the initiation of a call on any one of
the subscribers’ lines, the relay R2240 is a slow-
acting control relay, and the relay R2245 is a
combined pulsing and line test relay, this latter
relay being arranged to cooperate with the ob-
erating magnet of the finder switch embodied in
an assigned link to cause the finder switch to
search for and seize a calling line. The two re-
lays R2215 and R2220 are provided for purpose of
causing the distributor to assign a sccond link to
the use of a calling line in the event a first as-
signed link fails to find the calling line within a
predetermined time interval. The relay R2225
is an all-links-busy relay and is provided for the
purpose of preventing the distributor switch 2200
from operating in an attempt to select an idle
one of the links at a time when all of the links
are busy. This relay also functions to-open the
operating circuit for the start relay R2230 during
those times when all of the links are busy.
Finally, the slow-to-release relay R2210 is pro-
vided for the purpose of controlling a device, not
shown, for registering the number of calls routed
through the various local finder-connector links,

SEOTION 4.—THE APPARATUS DPROVIDED IN THE
Fixcraanae C

Referring now more particularly to the details
of the automatic switching apparatus provided
in the exchange C and considering first the re-
peaters 50 and 57, it is pointed out that each of
these repeaters is in all respects identical with
the repeater 16 shown in Figs. 10 and 11 and the
repeater 24 ijllustrated in Figs. 17 and 18. In
view of the foregoing description with reference
to the two last-mentioned repeaters and the fol-
lowing description of the operation of the re-
peater 50, it is deemed unnecessary to consider
the apparatus of this repeater in detail other
than to point out that the repeating transformer
2615 corresponds to the repeating transformer
{173 of the repeater (6 and that the relays
R2600, R2605, R2610, R2620, R2630, R2640, R2645,
R2650, R2655, R2660, R2670, R2700, R2705, R2710,
R2720, R2725, R2130, R2740, R2750, R2160, R217170,
R2715 and R2180 respectively correspond to the
relays RI1179, R1165 RI160, RI1150, R{140, RI1130,
RI1I120,RII15, RI110, RII05, R1100, R1065, R1060,
R1050, R1045, R1040, R1030, R1024, R1020, R1012,
Ri1010, RI1005 and R1000, in the order named, of
the repeater 16. Also. the stepping switch 2785
embodied in the repeater 50 is provided for the
same purpose and performs the same functions
ag the corresponding stepping switch 1070 em-
bodied in the repeater 6.

The incoming connector switches 53 and 56
individually associated with the repeaters 50 and
57, respectively, are somewhat similar to the in-
coming connector switch 1T provided in the ex-
change B and described previously, but differ
therefrom in that g different form of switching
mechanism is used. More particularly, the in-
coming connector switch 53 is illustrated in Figs
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31 and 32 as comprising a rotary switch 3250 at
which the lines extending to the exchange C are

" terminated. The switch 3250 comprises six levels

of bank contacts, wipers 3251 .to 3286, inclusive,
respectively associated with the contact levels,

‘and an operating magnet 3251 for driving the

enumerated wipers over the contacts of their re-
spective associated contact sets.  The control ap-
paratus embodied in the incoming connector
switch 53 comprises the usual line and hold re-
lays indicated at R3125 and R3130, respectively,
a slave relay R340 under the control of the slow-
acting hold relay R3130, a slow-to-release busy
test relay R3200, a slow-to-operate line switch-
ing relay R3240, a slow-acting ring cut-off relay
R3230, and a slave relay R3235 controlled by the
ring cut-off relay R3230. There are also provided
three additional relays R3160, R3i55 and R3170
which operate during impulsing and are ar-
ranged to control the respective operating and
holding circuits for the busy test and line switch-
ing relays R3200 and R3240, respectively.” For
the purpose of supervising connections estab-
lished by way of the incoming connector switch

53, there is also provided therein a battery re- .

versing relay R3110 which is adapted to be ener-
gized in series with a line balancing impedance

10

element 3216 when a call routed through the in- -

coming connector switch is answered at a selected
called substation. 'The switch 53 is arranged for
switching-through operation on calls routed by
way thereof to the trunk line 64. To this end
there is provided a switching-through relay

R3100 which is arranged to operate only when
the series of impulses designating the trunk line :

84 is transmitted to the switch 53. For the pur-
pose of causing the switch to establish toll offer-
ing connections to selected busy called lines,
there are provided in the control apparatus two
additional relays R3120 and R3210. The first of
the two last-mentioned relays is of the differen-
tially wound type and responds to an unbalanced
condition of an established loop circuit extend-
ing to the incoming connector switch 53 by op-
erating to cause the operation of the line switch-
ing relay R3210. The last-mentioned relay, in
turn, functions to cause the desired toll offering
connection to be established to the selected called
line.

As pointed out: previously, the subscribers’ lines
extending to the exchange C are, like the lines
extending to the exchange B, divided into three
classes, namely, single party lines, lines of the
duplex type, and lines of the multiplex type hav-
ing station selecting apparatus individually asso-
ciated therewith. In order to adapt the opera-
tion of the incoming connector switch 53 for use

.in controlling the station selecting apparatus as-

sociated with a selected multiplex line in its op-
eration to select a desired called substation, there
are also provided in the incoming connector
switch 53 two relays R3225 and R3220. The first

~ of these relays is controlled over a circuit in-
-cluding the extra control wiper 3254 and is pro-

vided for the purpose of conditioning the other
relay equipment embodied in the switch to re-
peat received impulses as negative hattery pulses
over the positive line conductor of a selected
called multiplex line. - The relay R3220 is ar-
ranged to be controlled by the relay R3225 and
the busy test relay R3200 and functions to con-
trol the ringing operation in signaling over a se-
lected line of the multiplex type. The bank wir-
ing arrangement of the rotary connector switch
3250 is such that the contact set representing the
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home position of the switch is utilized in ter-

‘minating a line accessible to the switch. In order

to prevent the idle or busy condition of the line
extending to this contact set from interfcring
with the operation of the switch to select a de-
sired called line, two additional relays R3150
and R3155 are provided in the control apparatus
of the switch, which relays are arranged to pre--
vent the premature operation of the line switch-
ing relay R3240 during a line selecting operation
cn the part of the switch. . '

The apparatus provided at the substations as-
sociated with lines of the duplex type terminat-
ing at the exchange C is identical in arrange-
ment with the substation apparatus associated
with the duplex lines terminating at the ex-
change B. Thus, the substation equipment pro-
vided at the substation Ts associated with the
line 60 is illustrated in Fig. 34 as comprising a
transmitter 3459, a receiver 3458, a calling or im-
pulsing device 3493 and a slow-to-release lock-
out relay R3450 having its winding shunted by
an audio frequency by-pass condenser 3454, For
the purpose of operatively associating this sub-
station apparatus with the line 60, there is also
provided at the substation Ts a hook switch com-
prising the receiver supporting arm 3457 and two
contact springs 3455 and 3456. There is also pro-
vided at this substation a ringer 3460 which is
normally connected in series with a condenser
3491 between the line conductor C3481 of the line
60 and ground. In a similar manner, the appara-
tus provided at the substation Ts also associated
with the line 60 comprises a transmitter 3478, a
receiver 3478, a calling device 3494, and a slow-
to-release lockout relay R3410 having its wind-
ing shunted by an audio frequency by-pass con-
denser 3418. The signal device provided at this
substation is indicated at 3480 and is connected
in series with the condenser 3492 between the
line conductor C3483 of the line 60 and ground.
Tor the purpose of operatively associating the ap-
paratus provided at the substation Te with the
line 60, there is also included in this apparatus
g hook switch comprising the receiver supporting
arm 3471 and the two switch springs 3475 and
3416.

The line circuit associated with the duplex line
0 is substantially similar to that associated with
the line 34 and described in the preceding sec-
tion. More particularly, the line circuit associ-
ated with the line 60 and shown in Fig. 34 com-
prises a differentially wound line . relay R3400 -
which is arranged to operate In response to the
initiation of a call at either of the two substa-

‘tions T5 and T a cut-off relay R3440, a slow-

acting lockout relay R3430, and a pair of control
relays R3410 and R3420 which are arranged to
be controlled by the line relay R3400. The indi-
cated line circuit apparatus also comprises two
call registering devices individually correspond-
ing to the substations Ts and Ts and having re-
spectively embodied therein operating maenets
indicated at 3488 and 3490. The relay R3410
controlled by the line relay R3400 is provided for
the purpose of selectively connecting the oper-
ating magnets 3489 and 3490 of the call regis-
tering devices to be energized in response to the
application of ground potential to the extra con-
trol conductor C3489 which extends to the bank
contacts of the finder switches embodied in the
various switching selector repeaters located in
the exchange C.

Referring now more particularly to the details
of the arrangement of the switching selector re-
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peater link 5| this. switching unit is illustrated
-~ in Pigs. 28 and 29 a5 comprising a finder switch
2800 and a selector switch 2980, each of the well-
“known rotary type. More particularly, the rotary
finder switch 2800 comprises four sets of bank
contacts, wipers 2801, 2802, 2803 and 2803’ re-

spectively associated with the contact sets, and

an  operating magnet 2804 for driving the
enumerated wipers over the contacts of.their
respective associated sets. The rotary. selector
switch 2980 similarly comprises four sets of bank

contacts, wipers 2981 to 2984, inclusive, respec- -

tively associated with the contact sets and an
operating magnet 2985 for driving the enumer-
ated wipers over the contacts of their respective
. associated contact sets. The link circuit appa-
ratus of the switching selector repeater 51 com-
prises the usual line and hold relays R2820 and
R2825, respectively, and the usual switching relay
R2810 which is operative to switch the conduc-
tors of a selected calling line through to the line
terminals of the line relay R2820 following the
operation of the finder switch 2800 to select a
-calling line. The pulse responsive apparatus
embodied in the link circuit comprises a slow-
acting relay R2840, a control relay R2850, and
a stepping switch 2900 of the well-known minor
type. Moreé particularly, this switch is provided
for the purpose of determining from the number
of impulses makinig up a first series of impulses
transmitted to the link whether or not the call
is to be routed over one of the interoffice trunk
. lines, as, for example, the line 37, to the exchange
B, or through one of the local connector switches,
as, for example, the switch 54, to another sub-

" .station line terminating at the exchange C. In’

brief, the stepping switch 2900 comprises a single
set of contacts 2901, & wiper 2902 associated with
_the contact set _290l, -an operating magnet 2903
for driving the wiper 2902 over the contacts of
- the indicated contact set, a release magnet 2904,
and off-normal springs 2905 which are arranged
- to be closed when the wiper 2902 is stepped away
from its home or normal position. These off-
normal springs are included in the operating cir-
cuit for a control relay R2810 which is operative
to prevent more than one seriés of impulses from
“ being delivered to the operating magnet 2803 and
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of ‘the switching selector repeater nnk and func-
tion to initiate the operation of the selector
switch 2980 and the partial operation of the line
testing relay R2970. The last-mentioned relay,
in turn, operates to arrest the operation of the
selector switch 2980 when an idle one of the in-
teroffice trunk lines is selected, and also to estab-
lish a loop circuit to the repeater, as, for ex-
ample, the repeater 50 associated with the selected
interoffice. trunk line. If, thereafter, the char-
acter of the first series of impulses transmitted

to the link indicates.that the call is to be routed:
to another local subscriber’s line terminating at-

- the ‘exchange C, the slow-to-operatz relay R2940
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also to prepare the circuit for energizing the -

release magnet 2904. This relay performs the

. additional functions.of controlling the circuits
for impressing dial and busy tone voltages upon
the line conductors of the link circuit.

As indicated previously, the arrangement of

. the switching selector repeater 51 is such that
the selector portion thereof operates to select an
idle one of the interoffice trunk lines extending to
the exchange B and to complete a loop circuit
“to the repeater associated with the selected trunk
- line immediately the link is seized. = Thereafter
and if the character of the first series of impulses
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transmitted to the link indicates that the call is

to be forwarded to another subscriber’s line ter-
minating at the exchange C, the seized repeater
associated with the selected interoffice trink line
is released and the selector portion of the switch
2980 is caused to again operate to select an idle
one of ‘the conneclor switches provided in the
exchange C. For the purpose of controlling the
_operating magnet 2985 in its operation to per-
form the two selecting functions just mentioned,
there are provided five additional relays R2920,
" 'R2930, R2940, R2960 and R2970. More particu-
larly, the three relays R2920, R2830 and R2940

65

is caused to restore to again initiate the opera-

tion of the selector switch 2980 and to cause the .

partial operation of the line testing relay R2960.
The last-mentioned relay,:in turn, functions to
arrest the second operation of the selector switch
2980 when an idle one of the local connector
switches 1s selected, and also to complete a loop
circuit to the selected local connector switch.
The arrangement of the link circuit apparatus
embodied in the switching selector repeater 51 is
also so arranged that, if a calling subscriber in-

advartently dials a flrst digit which is not in-

dicative of a local call or a toll call, busy tone
is returned to the calling subscriber and the
operated switching apparatus sticceeding the re-
peater is released. . To this end, there is provided
a control relay R2850 which is arranged to oper-
ate to cause the functions just mentioned to be
performed in the-event the wiper 2802 of the
mirior switch 2900 is not operated to its fourth
or its tenth off-normal position, respectively des-
ignating local and toll calls, during the first
serles of impiilses transmitted to the switching
selector repeater. For the purpose of impress-
ing ground potential upon the extra control wiper
2803’, thereby to energize the operating magnet
of the call registering device associated with a
calling substation when the desired conversa-
tional circult i1s completed at the called substa-
tion, there s provided a back bridge relay R2339
which s of the electropolarized type and is ar-
ranged to operate only on local calls and only
when a call as routed through the switching
selector repeater bl is answered at a called sub-
station. - Finally, the control apparatus embodieq
In the switching selector repeater 61 includes two

‘thermal relays indicated at 2857 and 2851, re-

spectively, which function to cause the link to

be released in the event it is seized by a calling

line and no impulses are - transmitted thereto
within a predetermined time interval followmg
the seizure .thereof.

‘As indicated previously, the switching selector
repeater links provided in the exchange C are
assigned to the use of calling ones of the lines

terminating at this exchange by the distributor

62, which distributor is illustrated in Fig., 30 as
comprising a distributor start relay R3050, a
pulsing and line testing relay 3040, a secondary
testing and distributor hold relay R3030, a plu-
rality of slow-to-release link select relays R3020,

" R3010, etc., and a control reldy R3000 which is

70

_are arranged to operate in response to seizure 75

operative to initiate the operation of the link
select relays corresponding to idle links each
time the available idle links have all been as-
signed for use. More particularly, the start re-
lay R3050 is arranged to operate in response to
the application of ground potential to the dis-

tributor start conductor C3433 and the relay

R3040 is operative in response to operation of the
start relay R3050 to cause the operation of the

-n
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finder switch of an assigned link to seize the

calling line responsible for operation of the start
relay. The relay R3040 also funclions to arrest
the operation of the finder switch embodied in
an assigned link when the wipers of the finder
switch are operated into engagement with the

. contacts. terminating the conductors of the call-

ing line. The relay R3030 .is also arranged to
operate when the calling line is found and func-

- tions to maintain the start relay R3050 operated

until the switching-through operation on the part
of the assigned link is fully completed. The relay
R3000 functions to complete test circuits over
which the link select relays R3018, R3020, etc.,
are energized when the links respectively corre-
sponding thereto are idle. Each time one of the
link select relays is énergized over the test cir-
cuit extending to its associated link, it is locked
in its operated position, thereby to render the
associated link available for use. Thereafter and
when the respective associated links are respec-
tively assigned to the use of calling lines, the
link select relays are caused to restore. Finally,
when all of the link select relays occupy their
respective restored positions, the control relay
R3000 is conditioned to be energized to recom-
plete the test circuits for the respective link selert
relays.

Referring now more particularly to the details
of the local connector switch 54, this switch is
illustrated in Fig. 33 as comprising a rotary
stepping switch- 3390 having bank contacts at
which the conductors of the -subscribers’ lines
extending to the exchange C terminate.
particularly, the rotary switch 3390 comprises
five sets of bank contacts, wipers 3391 to 3395,
inclusive, respectively associated with the bank
contact sets, and an operating magnet 3396 for
driving” the wipers over the contacts of their
respective - associated sets. The control appa-
ratus embodied in the local connector switch 54
comprises the usual line and hold relays indi-
cated at R3310 and R3315, respectively, and
also a slave relay R3320 which is arranged to
be controlled by the slow-acting hold relay
R3315 and performs the switching functions nor-
mally assigned to the hold relay.  The control
apparatus of the indicated switch further in-
cludes a busy test relay R3350, a slow-to-oper-
ate line switching relay R3380 which is operative
to initiate the ringing operation in signaling over
a selected called line, a slow-acting ring cut-off
relay R3365, and a slave relay R3310 under the
control of the ring cut-off relay R3365 which
performs the line switching operations normally
assigned to the ring cut-off relay. For the pur-
pose of controlling the operating and holding
circuits for the busy test and line switching re-

lays R3350 and R3380, respectively, and for ad-

ditional control purposes described in detail
hereinafter, there are provided three additional
relays R3330, R3333 and R3340, the first and last
of which are both arranged to operate at the be-
ginning of each series of impulses transmitted to
the incoming connector switch and to remain op-
erated for the duration of each impulse series,
The relay R3333 is provided for controlling the
operation of the rotary switch operating magnet
3396 during the release of the local connector
switch. 'The control apparatus of the switch
further includes a back bridge or battery revers-
ing relay R3300 which is operative to reverse
battery over the conductors of he trunk lines
incoming to the switch when a call routed by way
of the switch is answered at a selected called
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substation. As indicated previously, the lines
terminating in the bank contacts of the local con-
nector switch 58 are of three different types,
namely, single party lines, lines of the duplex.
type, and lines of the multiplex type having in-
dividually associated therewith station selecting
apparatus arranged to respond fo negative bat-
tery pulses transmitted thereto over the posi-
tive sides of the associated lines. In order to
condition the control apparatus of the local con-~
nector switch 54 to transmit negative  battery
pulses over the positive side of a selected multi-
plex line in response to a final series of impulses
transmitted thereto from a calling telephone-
station, the extra control wiper 3393 and the
bank contact set associated. therewith are em-
bodied in the rotary switch 33980, and a relay
R3360 arranged to be controlled over a circuit
including the wiper 3393 is embodied in the
switch control apparatus. The bank wiring ar-
rangement of the switch 3390 is such that the
contact set representing the home position of
the switch is utilized in terminating a line acces-
sible to the switch. In order to prevent the
idle or busy condition of the line terminating
at this contact set from interfering with the op-
eration of the switch to select a desired called
line, there is provided an additional relay R3346,
which relay is arranged to prevent the prema-
ture operation of the line switching relay R3380
during g line selecting operatlon on the part of
the switch.

SECTION §5.—THE APPARATUS PROVIDED IN THE
: EXCHANGE E )

The automatic switching equipment provided
in the exchange E is substantially similar in con-
struction and arrangement to the apparatus pro-
vided in the exchange C. Thus, the switching
selector repeater 88, the distributor 8! and the
local connector switch 82 are identical with the
corresponding switching units 51, 52 and 54 pro-
vided in the exchange C and described in the
preceding section of the specification. The in-
coming connector switches provided in the ex-
change E are, however, slightly different from
the corresponding switching units located in the
exchange C. More particularly, the incoming
connector switch 84 located in the exchange E
is illustrated in Figs. 24 and 25 as comprising a
rotary line selecting switch 2550 having bank
contacts at which the subscribers’ lines extend-
ing to the exchange E are terminated. These
bank contacts are divided into five levels having
wipers 255§ to 2559, inclusive, respectively asso- .
ciated therewith. The switch 2550 also includes
an operating magnet 2561 which is operative to
drive the enumerated wipers over the contacts
of their respective associated contact sets. The
control apparatus embodied in the incoming
connector switch 84 includes a relay R2400 which
is operative selectively to connect the conductors
of the trunk line 3{’ to the conductors of the
trunk line 83 extending to the bank contacts of
the switching selector repeater 80 or to the con-
ductors of the link line incoming to the switch
84. On calls outgoing from the exchange E to
the exchange B, the relay R2400 is energized
from ground as applied to the control conductor
C2409 of the trunk line 83 when the last-men-
tioned line is seized whereas, on calls incoming
to the exchange E from the exchange B and
routed over the trunk line 31’, the indicated
relay remains in its restored position. ‘The con-
trol apparatus embodied in the incoming con-
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nector switch 84 further includes the usual line
and hold relays R2420 and R24208, respectively,
~and a slave relay R2430 which is controlled by
the slow-acting hold relay R2426. In addition,
there are provided & slow-to-release busy test
relay R2460, a slow-to-operate line switching
relay R2530 which is operative to initiate the
ringing operation in signaling over a selected
called line, a slow-acting ring cut-off relay R2540
- and a slave relay R2520 which is under the con-

trol of the cut-off relay R2540 and performs the
line switching operati/ons ‘normally assigned to

the ring cut-off relay. For the purpose of con-
trolling the operating and holding circuits for
the busy test relay R2468 and the operating cir-
cuit for the line switching relay R2530, and for
additional contirol purposes described in detail
hereinafter, there are provided two relays R2440
and R2450 which are arranged to operate at
the beginning of each series of impulses trans-
mitted to the incoming connector switch 84 and
remain operated until after each impulse train
is ended. After connections routed by way of
the incoming connector switch 84 are completed,
supervision thereof is maintained through the
provision of a. battery reversing relay R2410
which is arranged to be energized in series with
8 line balancing impedance element 2488 when
a call routed through the incoming connector
. switch to a desired called substation is answered.
For the purpose of controlling the operation of
the rotary switch operating magnet 2661 during
the release of the incoming connector switch 84,
there is provided theérein s relay R2435, the ener-
gization of which is partially determined by the
position of the switch wiper 2564 in the manner
‘explained more in detail hereinafter. .

As indicated previously, the lines extending to
the exchange E and terminating in the bank
contacts of the connector switch 84 are, like the
lines extending to the exchanges B, C and D, of
three different types, namely, single party lines,
lIines of the duplex type and lines of the multi-
plex type. The lines of the last-mentioned char-
acter individually have associated therewith sta-
tion selecting apparatus which is operative to
connect the substation apparatus provided at a
called substation to the associated line in re-
sponse to a particular series of negative battery
impulses transmitted thereto over the positive
side of the associated line. For the purpose of
causing a final series of impulses transmitted
to the incoming connector switch to be repeated

‘as negative battery pulses over a selected.line
of the miiltiplex type, the extra control wiper
2553 and the contact set associated therewith
are embodied in the rotary switch 2650 and two
additional relays R2500 and R2510 are included
in the link circuit apparatus of the switch. These
relays are operative to prevent a third series of
impulses transmitted to the switch from effecting
further operation of the rotary switch 2550 and
also to cause corresponding pulses of negative

- battery potential to be transmitted over the posi-
tive side of the selected line. These two relays,
in cooperation with the busy test relay R2460,
" also function to cause ringing current to be pro-
jected over a selected called line of the multiplex
type and, in cooperation with the ring cut-off
relay R2540 and the slave relay R2520 controlled
thereby, are operative to cause the ringing oper-
ation to be arrested and the desired conversa-
tional circuit to be established when the call is

~answered at the selected called substation.
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The bank wiring arrangement of the lines ter-
minating at the contacts of the rotary switch
2650 15 such that the twenty-fifth set of contacts
is utilized to terminate one of the subscribers’

lines extending to the exchange B. This twenty-

fifth set of contacts represents the normal or
home position of the wipers embodied in the
switch 2860 and, thus, it will be apparent that
the wipers are normally standing in engagement
with a set of contacts terminating one of the sub-
scribers’ lines. 'In order to prevent the prema~
ture operation of the switching relay R2530 when
the incoming connector switch 84 is seized over

- the trunk line 81’, there is provided a relay R2405

which funections to hold the operating circuit for
the line switching relay R2530 open until after
the wipers of the switch 2550 have been moved
from engagement with their respective associated
twenty-fifth contacts in response {o the dialing
1(;)pera.tion performed at the calling telephone sta-
ion.

The arrangement of the contro] apparatus em-
bodied in the incoming connector switch 84 is
such that it responds to an unbalanced condition

of en established loop circuit extending thereto

by operating to set up a toll offering connection
to a selected called line even though the line is
busy. More particularly, there is provided g dif.-
ferentially wound relay R2415 which is arranged
to respond to an unbalanced loop circuit condi-
tion of the character mentioned and, in coop-
eration. with a second relay R2470 and the busy
test relay R2460, functions to cause the desired
toll offering connection to be established to the
selected busy line. ‘These three relays, in co-
operation with certain of the other relay equip-
ment embodied in the connector switch circuit,
also function to cause ringing current to be pro-

- jected over the selected called line when the pre-

viously established connection involving this line
is released, and to cause the desired conversa-
tional circuit to be completed between the call-
ing and called telephone stations when the call is
thereafter answered at the called substation.
SECTION 6.—ESTABLISHING A LocaL CONNECTION

BETWEEN Two0 SUBSCRIBERS’ LINES TERMINATING
. AT EXCHANGE B.

‘ -In establishing connections between the sub-
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seribers’ lines extending to the exchange B, only
the local finder-connector links provided in this
exchange are utilized. For example, if a party
at the substation T3, illustrated in Fig. 22, ini-
tiates a call intended for the substation T2 and
illustrated in Fig. 21, by removing his receiver
from its supporting hook, a direct current bridge
is placed across the line conductors CI38t and
Ci383, in the usual manner, at the calling sub-
station. When this bridging path is completed,
the line relay R2250 is energized over .a circuit
which may be traced as extending from ground
at RA2264 by way of CI1383, the above mentioned
bridging path, Ci381, RA226% and the winding
of R2250 to battery. Upon operating, the relay
R2250 completes, at RA2253, a path for applying
battery potential to the conircl conductor C1382’,
thereby to mark the calling line in the bank con-
tacts of each of the finder switches having ac-
cess to this line. This path extends from the
negative terminal of the exchange battery
through the winding of R2260 and by way of
RA225T and RA2253 to C1382’. At RA2252, the
relay R2250 completes an obvious path for ap-
plying ground potential to the control conductor
C1382, thereby to mark the calling line as busy
in the bank contacts of the connector switches

Lol
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- particularly, the relay R2230 is energized over a

.- which latter relay is maintained energized so long
‘as. any of the local finder-connector links pro-

927008 . 839

" at which ‘the calling line is terminated. At
. RA2281, the relay R22B0 completes an obvious
" 'path for applying ground to the distributor start

conductor C2328, thereby to energize the ‘start
relay R2230 of the link distributor in series with
the rotary switch operating magnet 2206, More

[24)

circuit extending from ground at RA2251 by way
of RA2256, C2328, RA2221, the winding of R2236,
RA2226, the magnet armature 2206 and the wind- 10
ing of the magnet 2205 to battery. Due to the

" relatively high resistance of the winding of

R2238, the magnet 2205 is not sufficiently ener-

" gized to operate when the above-traced circuit

is completed. The relay R2230, however, oper- 5
ates to complete, at RA2235, an obvious multiple
holding circuit for the all-links-busy relay R2225,

vided in the exchange B are idle. At RA2234, 5,
the relay R2230 completes an. obvious eircuit for
energizing the pendulum type relay R2220, caus-
ing the latter relay to attract its operating arma-’

‘ture RA2221 and thus initiate vibratory move-

ment of the weighted armature 2222 in the usual 25
manner. . The two armatures RA222(1 ang 2222

" of the relay R1220 are included in an obvious cir-

cuit for energizing the upper winding of R2215,
which latter relay includes a lower winding nor-
mally short-circuited at RA221T and, hence, is 20

- slow to operate. Due to the vibratory operation
‘of the armature 2222, the circult for energizing
- the upper winding of R2215 is only intermittently

completed and this relay does not immediately

- operate. 'When the vibratory movement of :the 35

armature 2222 is substantially arrested this ar-
mature setiles into resting engagement with
RA2221, the operating circuit including the up-

-per winding of R2218 is closed and this relay op-
- erates. : - ' 40

During the interval following the operation of
the. relay R2220 and before the relay R2215 op-
erates, the finder portion of the link correspond-
ing to the position occupied by the wipers of the
distributor switch 2200 is caused to operate to 45

~ sgeize the calling line. Por purposes of this de-

scription, it will be assumed that the wipers of
the distributer switch noted are standing in en-

" gagement with the contacts corresponding to the

finder-connector link illustrated in Figs. 19 and 5,

“. 20 when the relay R2230 operates. With the

wipers of the. distributor switch 2208 in this

+ . position, the relay R2238 upon operating in the

manner just described, opens, at RA2232 and its

.agsoclated resting contact, a point in the circuit, 55

traced herelnafter, for energizing the operating
magnet 2206 by way of the circuit interrupting
magnet: armature . 2208. At RA223f, the relay
‘R2230 completes a path for applying ground to
the hold conductor C2215 individual to the finder-
connector link illustrated.. When ground is ap-
plied to the last-mentioned conductor, the line
relay R2035 embodied in the link {llustrated In
Figs. 19 and 20 is energized over a circuit which
may be fully traced as extending from ground gy
at RA2231 by way of the wiper 2202, the resistor

2282, C227%, RA2041 and the upper winding of

60

- R2035 to battery. At RA2233, the relay R2230

completes an obvious circult for energizing the
slow-acting relay R2240, which latter relay, upon 7o

. operating, completes at RA2241 a multiple circuit

for energizing the upper winding of R2035, which
multiple circuit substantially parallels the operat-

" Ing circuit for R2035 traced above. At RA2243, =

the relay R2240, upon operating, prepares a test 7

circuit, ’tr‘a:;éc‘i hereinafter, fot energizing the =

upper winding of 12248 when the finder switch
2070 embodied in the selectéd finder-conneotor
link is operated to the position corresponding to -
the calling ne. .~ T .
Before describing the operation of the finder

. switch 2070 to search for the calling line, it is

pointed out that, when the above-traced operat-
ing circuit for the lne relay R2035 is completed,
this relay operates to. complete, at-RA2036, an

- obvious circuit for energizing the slow-acting hold

relay R2010. - The last-meritiotied relay, upon
operating, completes, at RA2012, 3 circuit for en-

.ergizing the upper winding of the slow-acting re-

lay R2005, this circuit extending from ground ag
the. off-normal spring 2016 by way of the spring
2016’, RA2012 and the upper winding of R2005 to

- battery. At RA201{, the relay R2010, upon oper-

ating, applies ground potential to the conductor
C1989, thereby to prepare holding circuits for
various ones of the relays mentioned hereinafter,
and to complete a circuit for energizing the hesat-

"ing coil 2083 of the bimetallic relay 2062, this

circuit extending by way of the grounded con-
ductor C1988, RA(913, CI1982; the heating ele-
ment 2063 and the resistor 208§ to battery. When
ground is applied to CI988 the slow-to-release
relay R2030 is. energized over a circuit extending
by way :of this grounded' conductor, RAI953,
C1980 and the winding of R2030 to battery. When
energlzed over this circuit the relay R2030 oper-
ates to prepare, at RA2081 and RA2032; a path
traced hereinafter for impressing booster battery.

potential upon the control conduetor of the call-
ing line. At RA2014, the hold relay R2010 applies
ground potential to C1992, thereby to prepare
holding circuits for additional ones of the relays
fllustrated in Figs. 19 and .20, At RA2015, the
relay R2010 opens & point in the circuit, traced
hereinafter, utilized to energize the release mag-
net 2033 embodied in the Strowger switching
mechanism 1900 of the connector portion of the
link.  The slow-to-release relay R2005, upon oper.
ating, prepares at RA2007 an impulsing circuit;
traced hereinafter, for energizing -the vertical
magnet 2008 of the Strowger switching mecha-
nism 1900 in accordance with the impulses mak-
ing-up the first digit dialed at the calling substa-
tion..” At RA2006, the relay R2005 completes an
obvious circuit for energizing the relay R2000,
which latter relay, upon operating, completes at
RA2002 a path for applying ground potential to
the ringing and tone apparatus start. conductor .

- C2008’, thereby to initiate in the tisual manner

the operation of the ringing and tone apparatus
provided in the exchange B. The last-mentioned
path may be traced as extending from ground by -
way of RA2021, C1988, RA 1952, C1988 and RA2002
to the start conductor C2008’. At RA2004 and
RA2004’, the relay R2000 prepares a path, traced
hereinafter, for applying dial tone voltage to the
loop extending to the calling subscriber’s substa-
tion. At RA2001, the relay R2000 completes an
obvious multiple circuit for energizing the heat-
Ing coll 2083 of the bimetallic thermal relay 2062.
Following the operation of R2000 in the manner
Just described, the relay apparatus embodied in.
the finder-connector link is- conditioned to' te-
spond to the first series of impulses dialed at the
calling gubstation. : —
As indicated previously, when the relay R2230
operates, it completes g circuit for energizing the
operating magnet of the finder switch 2070, there-
by to initlate the operation of this switch to
search for the calling line. . More particularly, the
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operating magnet 2056 of the switch 2070 is en-

ergized over a circuit extending from ground at-

RA2233 by way of RA2246, the wiper 2204, C2218,

. . and the winding of the magnet 2066 to battery.

When. energized over this circuit, the magnet
2056 steps the wipers 2071 to 2073 of the switch
2070 one step and completes, at its armature
2051, a.circuit extending by way of C2280 for
: energizing the lower winding of R2245. When
the lower winding of R2245 is energized, this re-

lay operates: to open at RA2246 a point. in- the

above-traced operating circuit for the magnet
2056. The resulting deenergization of the mag-
net 2056 conditions this magnet to step the
enumerated wipers of the finder switch 2070 a

second step. Also, when the magnet 2056 is de- .

energized; the circuit for energizing the lower
winding of R2245 is interrupted at the armature
20681, causing the relay R2245 to restore to re-

. complete at RA2246 the operating circuit for the’

operating magnet 20586. - Thus, the magnet 2056
. and the relay R2246 interact and the periodic en-
- . ergization of the magnet causes the wipers of the
finder switch 2070 to be driven over the contacts
of their respective associated contact sets until

"~ they are moved into engagement with the con-

tacts terminating the conductors of the calling

line 33. More particularly, when the wiper 2072-

is moved into engagement with the contact ter-
- minating the control conductor CI382’ of the
line 33, the above-mentioned test circuit includ-

. ing the upper winding of R2248 is completed, this
circuit extending from ground at RA2243 by way
of the upper winding of R2245, the wiper 2203,
C2126, the lower winding of R2060, the wiper
- 2072; 'C1382’, C2216, RA2253, RA22567 and the
winding of the cut-off relay R2260 to battery.
When its upper: winding is energized over the
above-traced circuit, the relay R2245 is held op-
erated independently of the energized or deen-
ergized condition of its lower winding and ih its
operated position maintains the above-traced op-

- erating circuit for the magnet 2056 open at

RA2246, Thus the operation of the finder switch
-2070 is arrested,

When its lower winding is energized over the
above-traced test circuit, the relay R2060 op-
erates to complete at the “X” contact associated
with RA2062 a circuit for energizing its upper
winding, which circuit extends from giound at
RA2014 by way of the contacts 2068 of the ther-
mal relay 2058, RA2023, RA2052 and the upper
winding of R2050 to battery. Following the com-
pletion of the circuit just traced, the relay R20560

completes its operation to open at RA2085 and its.

associated resting contact one multiple path for
maintaining ground on C2211 and to complete at
RA2086 and its associated working contact a cir-
cuit extending by way of C2214, the wiper 220f
‘and RA2242 for energizing the distributor switch
operating magnet 2205. At RA2051 and RA2054,
the relay R2080 extends the calling loop circuit
through to the line terminals of the line relay
R20356. More particularly, with the relay R2050
operated, the line relay R2035 is energized over a
- circuit which may be traced as extending from
ground by way of the secondary winding of the
coupling transformer 2009, RA2004, RA2004’, the
lower winding of R2035, RA2046, RA2054, the
wiper 2078, C1388, the bridge across C1383 and
C1381 at the calling substation, C1381, the wiper
2071, RA206{, RA2041 and the upper winding of
R2035 to battery. - Since an alternating dial tone

5
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transformer 2809, it will be understood that the
usual dial tone signal is produced by the receiver
at the calling substation when the circult just
traced is completed, At RA2053, the relay R2050
completes a path for applying ground potential
to ‘the conductor C1382’ of the calling line 33,

. this path extending from ground at RA20{{ by

10

way of the contacts 2059, RA2023, RA2052,
RA2053 and the wiper 2012 to the conductor
C(382’. When ground potential is applied to the

. conductor. C1382°, the cut-off relay R2260 is en-

15

ergized over a circuit extending by way of CI382' .

RA2253, RA226T1 and the winding of R2260 ta
battery. 'The relay R2260 now operates to com-
plete at RA2262 an obvious holding .circuit for

- itself and to prepare, at RA2263, a circuit, traced
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- cuit for R2220, causing the latter relay to restore’

" circuit for R2215.
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‘yoltage is induced in the secondary winding of the 75

hereinafter, for energizing the operating magnet
2270 of the call register device assoclated with
the calling line., At RA226(, the relay R2260
completes an obvious circuit for ‘energizing the
slow-acting lockout relay R2268, which latter re-
lay operates after an interval to open at RA2256
a point in the path, traced previously, for apply-
ing ground potential to the start conductor ¢2328,
At RA2251, the lockout relay R2256 opens a point
in the path traced previously, for impressing
marking battery potential upon the control con-
ductor C1382’. At RA2264 and RA2268, the cut-
off relay R2260 opens two points in the above-
traced operating circuit for the line relay R2250,
causing. the last-mentioned relay to restore and
open at RA2252 a point in the path, mentioned
above, for applying ground potential to the con-
trol conductor C1382. Immediately R2250 re-
stores, an alternative path is completed for mak-
ing the calling line as busy in the bank contacts
of the connector switches to whict this line ex-
tends, this path extending by way of the grounded
control conductor Ci382°, RA2262 and RA2252
to the conductor C1382. At RA2251, the relay
R2250, upon restoring, opens a further point in
the path for applying ground potential to the
start conductor C2828. -

When ground is disconnected from the start
conductor  the start relay R2230 restores and
opens, at RA2234, a point in the operating cir-

to open, at RA2221, a point in the operating
If the finder switch 2010
operates to seize the calling line without undue
delay the weighted armature 2222 is still vibrat-
ing and the relay R2215 is in its restored position
at the time the relay R2220 falls back. At
RA2233, the relay R2230, upon restoring, opens
the operating circuit for R2240 and a further
point in the above-traced operating circuit for
the finder switch operating magnet 2056. At
RA2235, the relay R2230 opens the multiple
holding circuit for R2225. At RA223{, the relay
R2230 opens a point in the original operating
circuit for the line relay R2038 embodied in the
operated finder-connector link, When the relay
R2240 restores, it opens at RA2243 a point in
the above-traced test circuit by way of which
the lower winding of R2050 and the upper wind-
ing of R2245 were energized in series, causing
the last-mentioned relay to restore. At RA224(
the relay R2240 opens s point in the above-

traced multiple circuit for energizmg the upper -

winding of R2035.

Immediately the relay R2050 fully operates, the
rotary switch 2200 embodied in the distributor
is started in operation to position its wipers on
the contacts corresponding to. the hext available
idle llnk More particularly, When R2050 op-~

e
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erates, it completes at RA2055 the above-traced
circuit for energizing the magnet 22085. Upon
operating, the magnet 2205 opens at its associat-
ed armature 2206 a point in the previously traced
operating circuit for the start relay R2230, thus
insuring the restoration of this relay even
though a second call is awaiting the assignment
of a finder-connector link such that ground po-
tential is retained on the start conductor C2328
after the line relay R2250 restores in the man-
ner previously explained. When the relay R2240
restores shortly following the restoration of
R2230 it opens, at RA2242, a point in the above-
traced circuit for energizing the operating mag-
net 2205 of the distributor switch 2280. The
resulting deenergization of this magnet permits
the ratchet and pawl mechanism associated
therewith to advance the wipers 2201 to 2204,
inclusive, one step or into engagement with the
contacts corresponding to the next finder-con-
nector link. If this next link is idle, the guard
conductor extending thereto is open-circuited so
that no further circuit is available for energizing
the magnet 2205. On the other hand, if the link
next succeeding that illustrated is busy, ground
potential is present on the guard conductor ex-
tending thereto, whereby an alternative circuit
is completed for energizing the magnet 2205,
this alternative circuit extending by way of the
grounded wiper 2201, RA2232, RA2226, the
armature 2206 and the winding of the magnet
2205 to battery. It will be noted that the com-
pletion of this circuit results in the short-cir-
cuiting of the winding of R2230, providing
ground potential is present on the start con-
ductor C2328. This short-circuiting path ex-
tends by way of the grounded wiper 2201 by
way of RA2232, the winding of R2230, RA2221
and RA2256 to the grounded armature RA2251.
The completion of this path prevents the start
relay R2230 from reoperating during the hunting
operation of the distributor switch 2200 even
though a second call is awaiting the assignment
of a finder-connector link. When the magnet
2205 is energized over the above-traced alterna-
tive circuit, it again attracts its associated arma-
ture to interrupt the circuit and thus cause its
own deenergization. When the magnet 2205 is
deenergized the second time, the ratchet and
pawl mechanism associated therewith advances
the wipers of the switch 2200 a second step.
This stepping operation on the part of the dis-
tributor switch 2200 is continued until the wipers
of the switch are positioned on the contacts cor-
responding to the next available idle link. Thus,
when the wiper 220f is driven into engagement
with a contact terminating a guard conductor
extending to an idle link, the absence of ground
potential upon the guard conductor of the se-
lected link prevents the magnet 2205 from again
being energized and, hence, the stepping opera-
tion of the switch 2200 is arrested. Also the ab-
sence of ground on the guard conductor corre-
sponding to the selected idle link permits the
start relay R2230 to be energized in series with
the magnet 2205 provided a second call is await-
ing the assignment of an idle link, If no call is
waiting at the time the wipers of the switch
2200 are present on the contact corresponding
to the next available link, the start relay remains
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tion of the original operating circuit for the.
magnet 2205 and, hence, the line relay R2250 is
caused to restore to remove ground from the
start conductor C2328 before the hunting op-
eration of the distributor switch 2200 is com-
pleted. Thus, the possibility of two links being
assigned to the same calling line is obviated.
As pointed out previously,the relayR2225 is pro-
vided for the purpose of preventing the distribu-
tor switch 2200 from continuously operating to
search for an idle link when all of the finder-
connector links are busy. Referring now in
greater detail to this feature of the circuit, it
is pointed out that the conductor C2217 is multi-
pled to the corresponding contact springs of the
relays corresponding to and including R2050 and
individually embodied in the respective links.
When any one of the links is idle, the relay em-
bodied therein which corresponds to R2050 is in
its restored position so that ground potential is
maintained on C2217, On the other hand, when
all of the links are busy, all of these relays are
operated and ground potential is removed from
the conductor noted. Upon the removal of ground
from C22717, the relay R2225 is deenergized and
restores to open at RA2226 a point in the above-
traced alternative circuit for energizing the op-
erating magnet 2205 of the distributor switch
2200. Hence, shortly following the operation of
the last available link to seize a calling line and
the resulting restoration of R2230 and R2240 in
the manner explained above, the operation of the
distributor switch is arrested until one of the
links'becomes idle to terminate the all-links-busy
condition. At RA2221, the relay R2225, upon re-
storing, opens a point in the above-traced operaft-
ing circuit for the start relay R2230, thereby to
prevent the operation of this relay in response to

. a call initiated at a time when all of the links
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deenergized until the next succeeding call is -

initiated. In this regard, it is pointed out that
the operation of the cut-off relay R2260, followed
by the restoration of the line relay R2250, occurs
substantially simultaneously with the comple-

are busy. At RA2228, the relay R2225 opens a
point in its own holding circuit as traced ahove.
Obviously, when the all-links-busy condition is
terminated through the release of one of the op-
erated links, the relay embodied in the released
link and corresponding to R2050 of the link illus-
trated, restores to again apply ground to C2217,
whereby the all-links-busy relay R2225 is again
energized and reoperates. Upon operating, this
relay completes at RA222§ the previously traced
alternative circuit for energizing the operating
magnet 2205 of the distributor switch 2200, there-
by to initiate the operation of this switch to
position its wipers on the contacts corresponding
to the idle link. At RA2227, the relay R2225
reprepares the abhove-traced operating circuit for
the start relay R2230. Finally, the relay R2225
reprepares, at RA2228, its own holding circuit.

As indicated above, the two relays R2215 and
R2220 are provided for the purpose of causing
a second link to be assigned to the use of a calling
line in the event the finder portion of a first as-
signed link fails to find the calling line within
a predetermined time interval. Thus, in the case
considered above, if the finder switch 2070 fails
to find the calling line 33 to cause the restoration
of the distributor start relay R2230 within the
time interval required for the vibratory movement
of the armature 2222 to cease and the relay R2215
to operate, the operation of this finder switch is
arrested and a second finder-connector link is
assigned to the use of the calling line, More par-
ticularly, when the armature 2222 settles into
resting engagement with RA2221, the relay R2215
operates, after an interval, to open, at RA2211,; a
point in the path short-circuiting its lower wind-
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ing, and to complete, at RA2216, an obvious cir-
cuit for energizing the magnet 2206. When this
magnet is energized, it attracts its associated
armature 2206 to open a point in the above-traced
operating circuit for the start relay R2230, caus-
ing the last-mentioned relay to restore. Upon re-
storing, the relay R2230 opens, at RA2234, the
operating circuit for R2220and,at RA2233,the op-
erating circuit for R2240. The relay R2230, upon
restoring, also opens a point in the above-traced
operating circuit for the magnet 2056 embodied
in the finder switch 2070, whereby the operation
of this switch is arrested. With the two relays
R2230 and R2240 restored the above-traced op-
erating circuit for the line relay R2035 is inter-
rupted and this relay restcres to cause the res-
toration of the operated relays R2010, R2005,
R2000 and R2030 and the deenergization of the
thermal relay R2062, Thus, the first assigned

link, namely the link shown in PFigs. 19 and 20, .

is entirely released. When the relay R2220 re-
stores, it opens, at RA2221 and the armature 2222,
the operating circuit for R2245, causing the latter
relay to restore to open, at RA2216, the alterna-
tive operating circuit for the magnet 2205, When
the magnet 2205 is deenergized, the ratchet and
pawl mechanism associated therewith operates to
advance the wipers 2201 to 2204, inclusive, of the
distributor switch 2200 one step or into engage-
ment with the contacts corresponds to the next
succeeding link. If this next link is busy, ground
potential is present on the guard conductor there-
of so that the winding of R2230 is short-cir-
cuited and an alternative circuit is completed for
energizing the magnet 2295, this alternative cir-
cuit being traced above and extending by way
of the armature 2206. When energized over this
alternative circuit, the magnet 2205 operates to
open the alternative circuit, whereby the mag-

‘net 2205 is again deenergized to permit the as- -

sociated ratchet and pawl mechanism to advance
the wipers of the switch 2200 a second step. Due
to the circuit-interruptirig action of the arma-
ture 2296, the wipers are driven over the contacts

of their respective associated sets until they are -

positioned on the contacts corresponding to the
next available idle link. When the wipers reach
this position, the absence of ground potential on
the guard conductor extending to the idle link
prevents the magnet 2205 from again being ener-
gized and the operation of the distributor switch
2200 is arrested. Also, when the wiper 220 en-
gages the contact terminating the guard con-
ductor extending to the idle link, the short-cir-

cuiting path for the winding of R2230 is inter- =

rupted and this relay is again energized in serles
with the winding of the magnet 2205. Upon
operating. the relay R2230 initiates the operation
of the finder portion of the selected idle link to
search for the calling line in the manner set forth
above. Obviously, if the second link assigned to
the calling line also fails to find the line the
cycle of operations just described is repeated.
As pointed out above, when the switching re-
lay R2050 operates, dial tone current is project-
 ed over the calling line to the calling substation
T3 and the resulting operation of the receiver
provided at this substation indicates to the call-
ing subscriber that the dialing operation may be

started. The line relay R2035 follows the im- 7

pulses making up the digits dialed at the calling
substation and functions to repeat the impulses
of the first digit to the vertical magnet 2008 of
the Strowger switch 1900, More particularly,
during the open circuit periocd of each impulse
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of the first digit, the relay R2035 restores to com-
plete a circuit for energizing the vertical magnet
2008 in parallel with the lower winding of R2005,
this circuit extending from ground at RA2036, by
way of RA2013 to RA2007, where it divides, one
branch extending through the winding of the
magnet 2008 to battery and the other branch ex-
tending through the lower winding of R2005§ to
battery. Also, during the open circuit period of
each impulse, the operating circuit for the hold
relay R20i0 is interrupted, but due to the slow-
to-release characteristic of this rclay, it remains .
operated during impulsing. The repeated ener-
gization of the vertical magnet 2008 causes this
magnet in cooperation with its associated ratchet
and pawl mechanism to elevate the wipers of the
Strowger switching mechanism 1900 step by step
in a vertical direction to a position opposite the
level of bank contacts corresponding to the num-
ber of impulses making up the first digit. Thus,
if the first digit comprises three impulses, the
wipers 1901 to 1904, inclusive, are elevated three
steps in a vertical direction or to a position op-
posite the third level of bank contacts. When
these wipers are moved the first step in a vertical
direction, the off-normal springs 2034 are closed
to prepare a circuit, traced hereinafter, for ener-
gizing the release magnet 2033; the off-normal
springs 2017 are closed to complete a multiple
path shunting the armature RA2802 for main-
taining ground potential on the ringing and tone
apparatus start conductor C2008’' independently
of the relay R20600; and the off-normal springs
20016. and 20i6’ are disengaged to open a point
in the previously traced circuit for energizing the
upper winding of R2005. During the first series
of impulses, the lower winding of R2005 is re-
peatedly energized over the impulsing circuit and,
due to the slow-to-release characteristic of this
relay, it remains operated until the first series
of impulses is terminated. During the first ver-
tical step taken by the wipers (904 to {904, in-
clusive, an obvious path is completed, at the ofl-
normal springs 2016 and 2011’, for applying mul-
tiple ground to the guard conductor C2214, there-
by to maintain the finder-connector link of Figs.
19 and 20 marked as busy in the bank contacts
of the distributor switch 2200.

At the end of the first series cf impulses and
during the inter-digit pause between the first and
second digits, the line relay R2035 is held ener-
gized for a time interval sufficient to permit the
slow-acting relay R2005 to restore. Upon re-
storing, the relay R2005 opens, at RA2006, the
operating circuit for R2008, which latter relay
restores in turn to open, at RA2002, the multiple
path for applying ground potential to the ringing
and tone apparatus start conductor C2808’. At
RA2004 and RA2004’, the relay R2000, upon re-
storing, opens a point in the path, traced above,
for impressing dial tone voltage upon the calling
loop circuit. At RA2004’ and RC2003’, the re-
lay R2000 substitutes ground at RC2003’ for
ground at the upper terminal of the secondary
winding of the transformer 2009 in the loop cir-
cuit extending to the calling substantion T3 and
including the winding of the line relay R2035.
At RA2001, the relay R2000 opens the multiple
circuit for energizing the heating coil 2963 of the
bi-metallic thermal relay 2062.

When the relay R2005 re-tores, it opens. at
RA2007 and its associated working contact, a
point in the above traced circuit by way of which
the winding of the vertical magnet 2008 and the
lower winding of R2005 were energizeq in paral-
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lel during the impulses of the first digit. At
RA2007 and its associated resting contact, the
relay R2005 prepares a circuit for energizing the
rotary magnet 1974 of the Strowger switching
mechanism (9008 in serles with the slow-acting
relay R1930 during the impulses of the second
digit.

As pointed out in the general description of the
apparatus illustrated in Figs. 19 and 20, the lines
terminating in the bank contacts of the Strowger
switching: mechanism {900 are of four different
types, namely, single party lines, duplex lines,
multiplex lines, and trunk lines requiring a
switching-through operation on the part of the
connector portion of the link. The arrangement
is such that the control apparatus embodied in the
. connector switch of each link operates in a dif-
ferent manner depending upon the character of
the line to be selected, the different types of op-
eration being required for the reason that: when
a single party or duplex line is to be selected, it
is not necessary that impulses be transmitted over
the selected line after the two line selecting digits
are dialed at the calling substation whereas, if a
called subscriber’s line of the multiplex type is
to be selected, an additional series of impulses
must be transmitted over the line to the station
selecting apparatus associated with the line for
the purpose of operatively connecting the sub-

station apparatus at the called substation to the :

called line. Also, if the line to be selected is a
trunk line leading to an impulse repeater or to
the trunk line terminating apparatus provided at
the operator’s position in the exchange B, it is

necessary that a switching-through operation be

performed by the connector portion of the op-
erated link in order that further impulses dialed
at the calling sub-station may be transmitted to
the seized repeater or the supervisory lamp pro-

vided at the operator’s position may be controlled. -

To accommodate the different types of operation
on the part of the connector switches, the lines
extending thereto are grouped in a particular
manner and the operation of the switches is made
partially dependent upon the level of bank con-
tacts selected by the vertical movement of the
switch wipers. More particularly, the multiplex
lines are terminated in the lowermost levels of
the bank contact field of the switching mechanism
1900 and the contact fields of the other similar
Strowger switching mechanisms. For example, if
twenty-five multiplex lines are terminated at the
bank contacts of the switch 1900, the first two
levels and half of the third level are utilized in
terminating the conductors of these lines. The
_last half of the third level and the succeeding
levels may be used to terminate single party or
duplex subscribers’ lines. The switching mech-
anism further comprises an extra control bank
contact field having contacts arranged to be en-
countered by the extra control wiper 1903. In
the assumed arrangement, wherein the third level
terminates both multiplex and single party or
duplex lines, the multiplex lines are terminated
at the first five sets of contacts in the level and
the duplex or single party lines are terminated
at the last five sets of contacts in the level. The
sixth extra control contact of this third level,
namely, that corresponding to the first single
party or duplex line, is connected fo ground
through a resistance of approximately one thou-
sand ohms so that, when the wiper (803 en-
counters this contact during rotary movement
thereof, the relay R1960 is caused to operate for
a purpose explained hereinafter. The arrange-
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ment is such that, when the wipers are elevated
to the first level of contacts. following the last
contact level terminating lines of the multiplex
type, the off-normal springs (987 are caused to
operate to complete an alternative circuit for en-
ergizing the relay R1960. Also, the arrangement
is such that when the wipers of the Strowger
switching mechanism {900 are operated to a po-
sition opposite a level of bank contacts terminat-
ing lines requiring a switching-through opera- -
tion on the part of the connector switch, the off-
normal spring 2091 is operated from its normal
position, as shown in the drawing, to its off-
normal position, thereby to engage the spring 2093
and to complete a circuit for partially energizing
the switching-through relay R2040, all in the
manner explained in detail hereinafter.
Continuing now with the operation of the
finder-connector link, when the second digit is
dialed at the calling substation, the line relay
R2035 again follows the impulses and repeats the
same to the rotary magnet {974 of the Strowger
switching mechanism 1900. More specifically,
during the open circuit period of the first im-
pulse of the second digit, the line relay R2035 re-
stores to complete a circuit for energizing the ro-
tary magnet 1974, the slow-acting relay R1930
and the lower winding of the slow-acting relay
R1920, this circuit extending from ground at
RA20636 by way of RA2013, RA2007, RA2044,
C1991, RA1946 and the winding of R13930, where
it divides, one branch extending by way of RA1918
and the winding of the magnet 1974 to battery,
and the other branch extending by way of RA{932
and the lower winding of RI920 to battery. At
the end of the open circuit period of each im-
pulse the circuit, just traced, is interrupted..
Each time the magnet 1974 is energized it ad-
vances the wipers of the switching mechanism
1900 one step in a rotary direction. The relay
R 1930 operates when the above-traced circuit is
first completed and, due to its slow-to-release
characteristic, remains operated throughout the
series of impulses. Upon operating, the relay

5 R1930 completes, at RA1932 and its associated

working contact, an obvious holding circuit for
the relay R1920. At RA1931, the relay RI930
opens a point in the circuit, traced hereinafter,
for energizing the busy test relay R1940, thereby
to prevent the busy test relay from operating
during rotary movement of the wipers embodied
in the Strowger switching mechanism {960 and
when the test wiper 1902 engages test contacts
terminating the control conductors of busy sub-
seribers’ lines. The slow-acting relay R1920,
unon operating, completes, at RA1922, an ob-
vious circuit for energizing the slave relay R1925.
At RA1921, the relay R1920 opens a point in the
circuit, traced hereinafter, for energizing the
slow-to-operate line switching relay RI910.
When the relay R1925 operates RA1926, it pre-
pares or completes, depending upon the character
of the called lines, a circuit, traced hereinafter,
for energizing the switching-through relay R2040.
At RA1929, the relay R1925 opens a point in the
path, traced hereinafter, for conducting busy tone
current by way of the calling loop circuit to the
calling substation in the event the called line is
ultimately found busy. At RAI1928’, the relay
R 1925 prepares a circuit, described hereinafter,
for energizing the relays R1935 and R1960. At
RAI927 and RA 1928, the relay R1925 prepares the
circuit, mentioned above and traced hereinafter,
for energizing the busy test relay R1940 in the
event the selected called line is found busy.
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As pointed out above, during the impulses of
the second digit, the rotary magnet 1974 is ener-
gized in accordance with the impulses making up
*he diglt s0 that, at the conclusion of the digit,
. the wipers 1901 to 1904, inclusive, are positioned
on the contacts terminating the conductors of
the called line. For example, if the called line
' 34 is the sixth line. in the third level of bank
-contacts, which level terminates five lines of the
multiplex type and five lines of the duplex or
single party type, the second digit dialed at the
calling substation will necessarily comprise six
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. impulses so that, at the conclusion thereof, the -

wipers 1801, 1802 and 1904 are respectively posi-
-tioned on the contacts terminating the conduc-
tors CI1384, CI385 and CIi386. Also, with the
wipers in this position, the extra control wiper
1903 engages the contact 1998 corresponding to
the selected -called line. With the wiper (503
- in this position, a circuit is completed for ener-
gizing the relay R1960 in parallel with the re-
lay R1935, this circuit extending from ground
by way of the resistor 1999, the contact 1898, the
wiper 1803, and RAI9I5 to RAI828’, where if
divides, one branch extending by way of RAI963
.and the winding of RI960 to battery, and the
other branch extending by way of the armature
197§ and the winding of RI1935 to battery. Due
to the resistance of the resistor 1999 and the rela-
tively -high resistance of R1935, the last-men-
tioned relay does not operate when energized
over the circuit just traced. The relay RI860,
however, partially operates, when energized over
this circuit, to complete, at the “X'" contacts as-
sociated with RA1962, a holding ecircuit for itself,
which circuit extends from ground at RA2014
by way of C1992, RAI962 and the winding of

R1960 to battery. Following the completion of

“this circuit, to complete, at the “X” contacts as-
open, at RA1983, a polnt in its operating circuit
as traced above and to prepare, at RAI961 and
RAI965, a circuit, traced hereinafter, for ener-
gizing the slow-acting ring cut-off relay RI870.
At RAI964, the relay RI960 opens a point in a
path, traced hereinafter, for short-circuiting the
upper winding of R1920, .
Shortly following the end of the second serles
of impulses dialed at the calling substation, the
relay R1930 restores to interrupt, at RA1932, the
holding circuit for the relay R1920 and to com-
plete the above-traced test circuit for determin-
ing the idle or busy condition of the called line
34, As indicated previously, if tlie called line
34 is busy, ground potential is present upon the
control conductor thereof. On the other hand,
if the called line is idle, battery potential 15 im-
pressed upon the control conductor C1385 there-
of through' the winding of the cut-off relay
. R2120, - Assuming that the called line i3 busy
at the time it is selected, when the relay R{930
restores, the busy test relay RI940 is energized
‘over the above-mentioned fest circuit which may
be traced as extending by way of the grounded
conductor C1385, the wiper 1902, RAI[927,
RA1928, RA1931 and the windihg of R1840 to
battery. The relay R1940 now operates to pre-
pare a holding circuit for itself, which circuit is
completed in response to the sequential restora-
tion of the two relays Ri920 and R925 shortly
following the restoration of the relay R1938. The
holding circuit for the busy test relay RI1940
may -be traced ds extending from ground at
RA2011 by way of C1989, RA1944, RAI028,
RAI931 and the winding of R1940 to battery.
At RAI942, the relay R340, upon operating,
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switching relay RiI910.

opens & point in the circuit, traced hereinafter,
for energizing the tpper winding of the line
At RA(843, the relay
R1840 prepares a multiple circuit, traced hercin-

after, for energizing the switching-through re- -~

lay R2040. At RA1945, the relay RI940 completes
an obvious path for short-circuiting the upper
winding of R1920, thereby to render the last-
mentioned relay slow-to-release. At RA1946, the
relay R1940 opéns a point in the impulsing cir-
cuit, traced above, by way of which the slow-
acting relay R1830 was energized in series with
the rotary magnet 1974, At RA1948, the re-
lay R1840 completes g circuit for projecting busy-
tone current over the calling line to energize the
receiver at the calling substation. More par-
ticularly, the path of this current may be traced
as extending from the ungrounded terminal of
the busy tone current source, not shown, by way
of RA1818’, the condenser 1973, RA1929, RA1848,
C1986, the condenser 2019, RA2046, RA2054, the
wiper 2078, C1383, the receiver at the calling sub-
station, CI384, the wiper 2071, RA2051, RA2041,
the upper winding of R2036 and the exchange
battery to the grounded terminal of the ringing
current source. The resulting operation of the
receiver provided at the calling substation in-
dicates to the calling subscriber that the desired
conversational connection cannot immediately be
established. Following receipt of thé busy tone
signal, the calling subsecriber is expected to hang
up to initiate the release of the operated switch
train. The manner in which the operated finder-
connector link is restored to norma! when the
connection is cleared out at the calling substa-
tion is described in detail hereinafter.

If the called line 34 is idle at the time it is
selected by the switching mechanism 1900, bat-
tery potential is presént on the control conductor
C1385 thereof so that, when the relay R1980 re-
stores, the busy test relay R 1940 is short-circuited
and does not operate. Shortly thereafter, and
when R1825 restores, a circuit is completed for
energizing the upper winding of the line switch-
ing relay RI910, this circult extending from
ground at RA20!{ by way of the off-normal
springs 2091 and 2092, Ci983, RA1942, the upper
winding of RI910, RAI921, RAI927, the wiper
1902, CI385, RA2142 and the winding of the cut-
off relay R2120 to battery. When its upper wind-
ing is energized over this circuit, the relay R{910
partially operates, after an interval, to complete,
at the “X” contacts associated with RAI817, a
circuit for energizing its lower winding, this cir-
cuit extending from ground at RA2014 by way of
C1992, RAI94T and the lower winding of R19!0
to battery. Following the completion of the cir-
cult just traced, the relay R18i0 completes, at
RA1914, an obvious path for applying ground po-
tential directly to the control conductor C1385,
thereby to mark the called line 34 as busy in the
bank .contacts of the connector switches having
_ At RA[815, the relay
R1{810 opens a point in the above-traced aperat-
ing cireult for the relay R1860. At RA1918, the
relay Ri810 prepares an alternative circuit, traced
hereinafter, for energizing the relay R1930 during

‘operation of the connector switch to transmit

impulses to the station selecting apparatus asso-
ciated with a selected called line of the multiplex
type. At RA1919’, the relay R1910 opens a point
in the previously traced circuit for projecting
busy tone current over the calling line to the re-
ceiver at the calling substation. At RAI811 and
RAI1918, the relay. RI910 prepares a circuit,
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traced hereina.fter, for energizing the ring cut-

off relay RI870 when the call is answered at the

" called substation T2, At RAI913, the relay RI1910

interrupts the circuit, traced previously, for en-
ergizing the heating coil 2063 of the thermal re-

- lay 2082, thereby to arrest the operation of this

relay. When the armature RAISII is operated
into engagement with its associated working.con-

‘tact, ringing current is projected over the line 34

to energize the signal device provided at the
called substation.T2. More particularly, the path

-of the ringing current may be traced as extending

from the ungrounded terminal of the ringing
current source by way of the exchange battery,
the winding of the slow-acting ring ctit-off relay
RI970, RA1961, RAI851, RAISI}, the wiper 1901,
C1384, RA2i 11, the pulsing springs of the calling
device 2184, the hook switch springs 217{ and
2170, the signal device 2i82 and the condenser
2183 to the grounded terminal of the ringing cur-
rent source. At RAI911 and RAI{912, a circuit
is also completed in response to the operation of

- RI910 for projecting a portion of the ringing cur-

rent by way of the calling loop circuit to ener-
gize the receiver provided at the calling substa-
tion. This circuit may be traced as extending
from the ungrounded terminal of the ringing cur-
rent source by way of the exchange battery, the
winding of RI1970, RAf96{, RA1851, RAISI{,
RAI1912, the condenser 1912’, C1980, the con-
denser 2018, RA2041, RA205(, the wiper 2071,
the line conductor C1381, the receiver at the call-

- ing substation Ci383, the wiper 2073, RA2054,

RA2048, the lower winding of R2035 and RA2004’
to the grounded terminal of the ringing current
source at C2003’.
receiver provided at the calling substation indi-
cates that the desired substation is being rung,
and the operation of the signal device 2182 pro-
vided at the ealled substa,tlon serves to signal
the called party.

It will be noted that, with the arrangement
illustrated, ringing current is only projected. over

The resulting operation of the
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one side of the called line, thus providing selec- -

tive energization of the signal device located at
the desired called substation. In order that the
other substation associated with the called line
34, namely, the substation Ti, may be signaled
to the exclusion of the substation T, the line 34
is terminated at two different sets of contacts
in the bank contact field of each of the connector
switches to which it extends, the two line con-
ductors C(384 and C1386 being reversely con-
nected to the line contacts in the respective two
contact -sets. Thus, when a calling party dials
the directory number designating a desired one
of the two substations T:1 and T, the resulting
operation of the connector switch determines the
side of the line over which the ringing current
will be projected. For example, had the substa-
tion Ti been called instead of the substation Ti,
the wipers of the switching mechanism 1900

- would have been operated into engagement with

the other set of contacts, not shown, but also
terminating the conductors of the line 34. In
this case, the wiper 190§ would have been left
standing in engagement with the contact fer-
minating the line conductor Ci388 of the called
line 34 at the conclusion of the rotary movement
of the switch wipers and, hence, operation of the
line switching relay Ri1910 would have resulted in
the projection of ringing current over the line
conductor Ci386 to energize the signal device
2180 provided at the substation T: rather than
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over the line conductor C1884 utilized in ener- 78

gxzing the signal device 2182 provided at the sub-

station T2. By virtue of this arrangement, selec- - -

tive signaling of the two substations associated
with a duplex line is obtained. )
As explained above, when ground potential is
applied to the control condictor C1385 of the
called line 34 in response to the operation of the
line switching relay R1810, the cut-off relay R2120
is energized over the clrcu.lt extending by way of
the grounded control conductor C1385, RA2i42
and the winding of R2120 to battery. When en-

ergized over this circuit, the relay R2120 operates

to complete at RA2126 an obvious circult for en-
ergizing the slow-acting lockout relay R2130,
which latter relay, upon operating, prepares at
RA2132 and its associated working contact, a
holding circult for itself and opens, at RA2i32
and its associated resting contact, a point in the
path for applying ground potential to the dis-
tributor start conductor C2328. At RA2131, the
relay R2130 opens a point in the circuit, traced
hereinafter, for energizing the cut-off relay R2120
on calls routed by way of the line 34 and initiated

. at the substations T: and Tz. At RA2121 and

RA2126, the relay R2120, upon operating, dis-
connects the line terminals of Lhe relay R2160
from the line conductors C1384 and C1386, there-
by to clear the called line of impedances which
might interfere with the'transmission of voice
frequency currents. At RA2123 and RA2124, the
relay R2120 completes a path for applying ground
potential to the control conductor C2118 associ-
ated with the line 34 and extending to the finder
switches of the respective links at which the line
34 is terminated. 'The path for applying ground
potential to C2178 extends irom the grounded
conductor C1885 by way of RA242 and RA2i124
to the conductor C2118.

‘When the call is answered &t the substation Ts,
the hook switch provided at this substation is
operated to its off-normal position to open the
springs 21711 and 2170 and to close the springs
2171 and 2172, A¢ the springs 2170 and 21711, the
above-traced circuit for energizing the signal de-
vice 2182 is interrupted. At the springs 2171 and
2112, a circuit is completed for eneérgizing the
lockout relay R2100, provided at the substation
T, in series with the ring cut-off rélay R1910, this
circuit extending from ground at RC2{03 by way
of RA2102, the winding of R2(00, the transmitter
21138, the receiver 2174, the switch springs 21172
and 2111, the pulsing springs of the calling device
2084, RA2{(1, Ci384, the Wwiper 1901, RA(9II,
RAIQBI RAISGI a.nd the winding of RI970 to
battery. When energized over this circuit, the
lockout relay R2100 operates to complete a series
holding circuit including the respective windings
of R1870 and R2100, which circuit may be traced
as extending from ground at RAI866 by way of
RA1855, RAI819, the wiper 1904, C1386, RA2I0,
RA2102, the winding of R2100, the transmitter
2118, the receiver 2174, the switch springs 2172
and 2{7{, the pulsing springs of the calling device
2184, RA2111, CI1384, the wiper 1801, RAISH
RAI1851, RAISGI and the winding. of 'R1970 to
ba.ttery. At RA2181 and its associated resting
contact, the relay R2100 effectively disconnects
the apparatus provided at the substation T1 from
the line conductor C13886, thereby to lock this sub-
station out of service during the interval when
the line 34 is occupied with the cail to the substa-
tion T2, Thus, the connection is guarded against
intrusion through the initiation of a call at the
substation T1 until the connection to the substa-
tion Tz is released. The ring cut-off relay Ri1870
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is of the slow-to-operate type, such that it does
-not operate In responsé to the energization fur-
. nished by the ringing current traversing its wind-

-ing during the ringing operation. When, how-
ever, the above-traced circuit is completed for
energizing the winding of this relay-in series with
the winding of R2100 provided at the substation

" T, it operates to complete at RA{971 a circuit for

energizing the relay R1950, which circuit extends
from ground at RA2014 by way of C1992, RAI9TI
and the winding of R1950 to battery. When

energized over the circuit just traced, the relay

R1950 first completes, at the “X” contacts as-
sociated with RA 1954, a holding circuit for itself,
which circuit also extends from ground at RA2014
and by way of C1892, RA{954 and the winding of
"R1950 to battery. At RAI1853, the relay R1950,
upon fully operating, opens & point in the previ-
. ‘ously traced operating circuit- for R2030. At

RA19562 and its associated resting contact, the re-
lay RI1950 interrupts the path by way of which
ground potential is applied to the ringing and
tone apparatus start conductor C2008'. At
RA1952 and its associated working contact, the
relay R1950 completes an alternative circuit for
energizing the heating coil 2063 of the thermal
relay 2062, this circuit extending from ground by
way of RA2021, C1986, RA1952, C1882, the heat~
ing coil 2063 and the resistor 2065 to hattery. At
RAI(951 and RA1955, the relay RI960 completes
the desired talking circuit between the calling
and called substations and in so doing, opens two
points in the circuit by way of whicb ringing cur-
rent is projected over the called line to energize
the signal device at the called substation and two
points in the circuit by way of which the windings
of R18710 and R2100 are being held energized in
series. At RAI851, a point is also opened in the
circuit, traced previously, by way of which ring-
back tone .current is projected over the calling
loop circuit to energize the receiver at the calling
substation. The ring cut-off relay R1878 restores
shortly following the operation of R1850 to inter-
rupt, at RAI9TI, the operating circuit for the
last-mentioned relay.

Immediately the relay R1950 operates a circuit
is completed for energizing the two windings of
the back bridge relay R2020 in series with the
winding of the slow-to-release lockout relay
R2100 provided at the substation Ti. This cir-
cuit may be traced as extending from ground at
the upper terminal of the lower winding of R2020
by way of this lower winding, C1996, RA{955,
RAI918, the wiper 1904, CI386, RA2101, RA2102,
the winding of R2100, the transmitter 2173, the
receiver 2114, the hook switch springs 24712 and
2171, the pulsing springs of the calling device
2184, RA2it1, CI1384, the wiper 1901, RAISII,
RA1951, Ci1980 and the upper winding of R2020
to battery. Upon operating, the relay R2020
completes, at RA2022 and RA2023, the previously
mentioned path for applying booster battery
- voltage to the control conductor C1382’ of the
calling line 33, thereby to cause the operation of
the message register device associated with the
calling line. More particularly, the circuit for
energizing the operating magnet 2270 of the reg-
ister device extends from the left terminal of
the booster battery voltage source 2131’ by way
of RA2031, RA2032, RA2022, RA2023, RA2052,
RA2053, the wiper 2072, C1382’, RA2263 and the
winding of the magnet 2210 to ground. - When
energized over this circuit, the magnet 2210 at-
tracts its associated armature 2211 so that the
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ratchet wheel 2272 is advanced one.step to cause 75
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the device to register the call. 8hortly following
the operation of R2020 to complete the above-
traced circult for energizing the operating mag-
net 2270 of the call register device, the slow-to-
release relay R2030, which is deenergized in re-
sponse to the operation of RI950, restores to
open, at RA2031 and RA2032, a point in the oper-
ating circuit for the magnet 2270. At RA2032
and its associated resting contact, the relay
R2030 applies ground to the ‘control conductor
C1382’ over a path similar to that just traced,
thereby to maintain the relays R2050, R2260 and
R2255 operated and to maintain the calling line
33 marked as busy in the bank contacts of the
connector switches having access to this line.

At RA202( and its associated resting contact,
the back bridge relay R2020, upon operating,
opens @ point in the above-traced glternative
circuit for energizing the heating element 2063
of the thermal relay 2082, thereby to arrest the
operation of this thermal relay. At RA202( and
its associated working contact, the relay R2020
applies multiple ground to the release conductor
Ci989. Following the operation of the back
bridge relay R2020, the desired conversational
circuit is fully established and no further oper-
ation of the switching apparatus occurs until the
connection is released at both the calling and
called substations. It will be noted that with
the desired talking circuit fully established
talking battery voltage is impressed upon the loop
extending to the called substation through the
windings of the back bridge relay R2020 whereas
talking battery voltage is impressed upon the loop
extending to the calling substation through the
windings of the line relay R2035.. It will further
be noted that the winding of the lockout relay
R2100 provided at the substation T: is included
in the talking circuit. In order to prevent the
impedance of this winding from interfering with
the transmission of voice frequency currents over
the established connection the audio frequency
by-pass condenser 2104 is connected in shunt with
the winding of R2100. For the same reason, the
condenser 2114 is provided at the substation T2
in shunt with the winding of the lockout
relay R2110. .

From the foregoing description, it will be ap-
parent that the purpocse of providing the two
lockout relays R2§06 and R21 (0 is that of guard-
ing an established connection extending to one
of the substations against intrusion occasioned
by the initiation of a call at the other substation
associated with the line before the established
connection is released.. Thus, in those cases
where the substation T is the calling or called
substation rather than the substation T2, the
lockout relay R21J0 functions to disconnect the
apparatus provided at the substation Tz from the
line conductor C{384. The manner in which the
slow-to-release lockout relay R2110 is energized
on calls incoming to the substation T is substan-
tially identical with the mode of operation of the
relay R2100 provided at the substation Tz, and
will readily be apparent from the preceding de-
scription.

The release of the connection is primarily un-
der the control of the calling party. Thus, if the
called party at the substation Tz hangs up before
the connection is cleared out at the calling sub-
station, the above-traced eircuit by way of which
the windings of R2100.and R2020 are being held
energized in series is interrupted at ihe springs

2171 and 2112 of the hook switch provided. at the

called substation Tz Upon restoring, the relay



8,207,002

R2100 opérative_lyl associates the apparatiis pro-

‘vided at the substation T1 with the line 84 so0

that calls may be initiated and received at this
substation. The back bridge relay R2020, upon
restoring, removes, at RA2021 and its associated
-working contact, multiple ground from the con-
ductor C1988. At RA2021 ang its associated
resting contact, the relay R2020 recompletes the
- above-traced alternative circuit for energizing
the heating element 2063 of the thermal relay

2062. At RA2022 and RA2023, the relay R2020,

-upon restoring, opens a point in-the alternative
holding circuits for R2050 and R2260 and recom-
. pletes the previously traced original holding cir-
cuits for these relays. ’

When the connection is cleared out at the call-
ing substation, the calling loop circuit is inter-
rupted causing the line relay R2035 to restore
and open, at RA2036, the operating circuit for
the hold relay R2010. When the hold relay re-
stores, it opens, at RA2011, the respective hold-
ing circuits for the relays R1940, R2050 and
R2068 and also & point in the above-traced alter-
native circuit for energizing the heating element
2063 of the thermal relay 2062, At RA2014, the
relay R2010, upon restoring, opens a point in the
respective holding circuits for the relays RI9(0,
R1950 and RI960, causing all of these relays to
restore. When the relay RI910 restores; it re-
moves, at RA1914, ground potential from the
control conductor C1388 of the called line 34,
thereby to remove the busy marking from' this
line and to open the operating circuit for the cut-
off relay R2120. The cut-off relay R2120 now
restores, to open at RA2125 the operating circuit

for the lockout relay R2{30, causing the latter.

relay to restore. Thus, the line circuit apparatus
associated with the called line 34 is restored to
normal and the called line is marked as idle in
the bank contacts of the connector switches to
which this line extends, negative battery poten-
tial being impressed upon the controi conductor
C1385 to identify the line 34 as idle through the
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winding of the cut-off relay R2120. In a similar

manner, when ground potential is removed from
the conductor C1989 to open the holding circuits
for R2050 and R2260, these two relays restore
and battery potential is impressed upon the ¢on-

trol conductor C1382 of the calling line thirough

the winding of the cut-off relay R2260. When
the relay R2260 restores, it opens at RA2261 the
.operating circuit for the lockout relay R2255,
causing the last-mentioned relay to restore,
Thus, the line circult apparatus associated with
the calling line 83 is restored to normal. :
~When the hold relay R2010 restores in the
manner pointed out above, it opens, at RA2013,
a point in the above-traced operating circuit for
the two relays R1930 and Ri920 and completes
_at R2015 the previously mentioned circuit for
‘energizing the release magnet 2033, this latter
clrcuit extending from ground at the lower ter-
minal of the winding of the release relay R2210
by way of this winding, C2282, RA2015, RA2045,
the off-normal springs 2034 ang the winding of
the magnet 2033 to battery. When energized
over this circuit, the relay R2218 operates to
complete, at its two armatures RA22il and
RA2212, circuits, not shown, for energizing sig-
nal or metering devices associated with the local
finder-connector links provided in the exchange
B. When the release magnet 2033 is energized,
it attracts its associated armature, not shown,
and causes the wipers of the Strowger switching
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vertical normal in the usual manner at which
time the off-normal springs: 1991, 2016, 2011, 2681
and 2034 are returned to their respective normal
positions. When returned to normal, the sprirgs
2034 are disengaged to open the operating circuit
for the magnet 2033 and, when the spring 2018 is
moved from engagement with its associated con-
tact spring 2017’ and into engagement with the
spring. 2016’, ground potential is removed from
the guard conductor C2214, thereby to identify
the finder-connector link illustrated in Figs. 19
and 20 as idle in the bank contacts of the dis- .
tributor switch 2200. Following the release of
the switching mechanism {900 in the manner
just described, the established connection is fully
released. T S .

The manner in which a local call is routed
from a substation associated with & subscriber’s
line of the duplex type by way.of the finder-
connector link illustrated in Figs. 19 and 20-to
another local line extending to. the exchange B
is substantially similar to the mode of estab-
lishing the connection between the substations -
T and T2, as described above.. The manner.in
which the line circuit associated with a line of
the duplex type operates, is, however, consider-
ably different from the mode of operation of the
line circuits individually . associated with the
single party lines. 'Thus, if a party at the sub-
station T2 initiates a call intended for the sub-
station T3 and the link illustrated in Pigs. 19
and 20 is utilized in setting up the connection,
the operation of the apparatus is initiated when
the calling party removes the receiver 2114 from
its supporting hook to cause the hook switch pro-
vided at the substation Tz to be operated to the
off-normal position. . In response to this opera-
tion, the switch springs 2170 and 2171 are opened
to disconnect the signal device 2182 from the

-line conductor C1384 and the springs 2111 and

21172 are closed to complete. a circuit for ener-
gizing the lower winding of R2160 in series with
the winding of the lockout rélay R2100, this cir-
cuit extending from ground at RC2103 by way
of RA2102, the winding of R2100, the transmit-
ter 2113, the receiver 2114, the springs 21712 and
2171, the pulsing springs of the calling device
2184, RA211I, RA2126 and the lower winding
of R2160 to battery. Due to the relatively high .
resistance of the lower winding of R2160, the
relay R2100 does not operate when energized
over the circuit just traced. The relay R2160,
however, operates to complete, at- RA2163, an
obvious circuit for energizing the two relays
R2140 and R2150 in parallel. - At RA2162, the
relay R2160 prepares a circuit for energizing its
upper winding. At ‘RA2161 and RA2(64, the re-
lay R2160 reverses the connections of the line
conductors C1386 and C1384 to the link line con-
duetors C2ITT and C2119 extending to the bank
contacts of the finder switch 2070. At RA2{E{,
the relay R2150, upon operating, prepares a cir-
cult, traced hereinafter, for energizing the op-
erating magnet 2176 embodied in the metering
device associated with the substation Ti. The
relay R2140, upon operating RA242, applies
ground potential to the control conductor C1385
of the line 34, thereby to mark this line as busy
in the bank contacts of the connector switches
to which it extends. At RA2141, the relay R2140
completes a path for marking the calling line
34 in the bank contacts of the finder switches to
which the line 34 extends, this path extending
from the negative terminal.of the exchange bat-
tery by way of the winding of R2120, RA2i31,
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mmu and C211718 to the conitrol bank contacts
of the various finder swit¢hes having access to
"the line 34. At RA2143, the relay R2§40 com-~
bletes a path extending by way of RA2132 for
applying ground potential to the distributor

start conductor C2328, whereby the operation of
- the distributor illustrated in Fig. 22 and of the

[

finder switch 2070 illustrated in Fig. 20 is.ini- -

- tiated. The manner in which the distributor
switch and the finder switch 2070 cooperate to
cause the. last-mentioned switch to find the call-
ing line is exactly the same as described pre-
viously with reference to the call initiated at
the substation Ts;. Immediately the wipers of
the finder switch 2070 are moved into engage-
ment with the contacts terminating the con-
ductors C2177 to C2179, inclusive, ground poten-

tial is impressed upon the control conductor

C2118 over a path extending from ground at
RA2243 by way of the upper winding of R2245,
the wiper 2203, C2216, the lower winding of
- R2050 and the wiper 2072 to C2178. When
".ground potential is applied to C2{18 in the find-
er-connector link circuit, the cut-off relay R2120
is energized over a circuit extending by way of
RA2141, RA213t and the winding of R2120 to
battery. When energized over this circuit, the
relay R2120 first closes the “X” contacts respec-
tively associated with RA2122 and RA2§24. At
the last-mentioned contacts, the relay R2120
completes an obvious holding circuit for: itself
_and thereafter completes its-operation. ‘Shortly
following the operation of R220, the switching
relay R20590 is energized and operates to impress
negative battery potential through the upper
winding of the line relay R2035 upon the nega-
tive line conductor C2119, At RA2122, the cut-
off relay R2120, upon operating, completes a cir-
cuit extending from ground at RA2162 for ener-
gizing the upper winding of R2168. The last-
mentioned relay is of the differential type, such
that when both of its windings are energized, it
restores. Upon restoring, the relay R2160 opens,
at RA2162, a point in the circuit for energizing
its upper winding. Substantially simultaneously
with the restoration of R2160, the relay R2120
completes its operation to disconnect, at RA2124
and RA2126, the line terminsals of the two wind-
ings of R2160 from the line conductors C4384
and C13886. Thus, the relay R2160 remains in
its restored position for the duration of the
call. At RA2125, the relay R2120, upon fully
operating, completes an obvious circuit for ener-
gizing the slow-acting lockout relay R2130, which
latter relay, upon operating, opens, at RA2132,
a point in the path for applying ground to the
distributor start conductor C2328 and opens, at
RA2131, a point in the operating circuit for the
cut-off relay R2120. When the relay R2160 re-
stores, it opens, at RA2163, the operating circuit

for the two relays' R2{40 and R2{50 causing

both of these relays to restore. When the relay
R2(50 falls back, it opens, at RA2i51 and its
associated working contact, a point in the circuit
for energizing the operating magnet 2176 of the
metering device associated with the substation
Ti. At RA215( and its associated resting con-
tact, the relay R2150 connects the winding of
the operating magnet 2115, embodied in the me-
tering device associated with the substation T2,
to the control conductor C2#78, whereby the
magnet 2175 may be energized in response to the
-application of booster battery potential to C2118
when the desired connection is ultimately estab-
lished.. The relay R2140, upon restoring, opens,
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at RA2143, a point in the holdmg cixcuit for the
lockout relay R2180 and, at RAZ2(41, a further
point .in the operating circuit, traced previously,
for R2120. At RA2142, the relay R21408 connects
the control conductor C1385 fo the control con-
ductor C2178 so that busying ground potential
is applied to the first-mentioned control conduc-
tor through the finder switch of the operated
link,

When negative battery potential is impressed
upon the line conductor C2119 through the up-
per wmdmg of the line relay R2035 embodied in
the operated link, the erergization furnished the
lockout relay R2100 is sufficient fo cause the op-
eration of this relay. Speeifically, this relay is
now energized over a circuit extending from bat-
tery as applied to C2178 by way of RA2164,
RA2I11{1, the pulsing springs of the calling de-
vice 2184, the springs 2171 and 2172, the receiver
2114, the transmitter 2118, the winding of R2100
and RA2102 to ground at RC2103. Upon operat-
ing, the lockout relay disconnects the apparatus
provided at the substation T: from the line con-
ductor C13886 to guard the line 34 against in-
trusion through the initiation of a call at the sub-

‘station T: during the time interval when this

line is occupied with the call initiated at the sub-
station Tz Also, upon operating, the  relay
R2100 completes, at RA2101 and RA2i02, the
calling loop circuit by way of which the two
windings of the line relay R2086 are energized
in series with the winding of R2108, which loop
circuit is believed to be obvxous from the preced-
ing description.

During the dialing operation performed at the
calling substation, the loop circuit, mentioned
above, is interrupted at the pulsing springs em-
bodied in the calling device 2184 a number of
times determined by the digits of the directory
number identifying the called substation. The
manner in which the connector portion of the
link illustrated in Figs. 19 and 20 responds to the
impulses to select the called line and the man-
ner in which the called line is tested to deter-
mine the idle or busy condition thereof are in all
respects identical with the operation of the ap-
paratus as described above with reference to the
call initiated at the substation T3. It the called
line is found to be idle, ringing current is pro-
jected thereover, ring-back tone is returned to
the calling substation, and ground potential is
impressed upon the control conductor C1382 of
the called line to guard the line against intrusion
on other calls incoming thereto. When ground

. potential is impressed upon C1382, the cut-off

relay R2260 is energized over a circuit extending
by way of this conductor, RA2252 and the wind-
ing of R2280 to battery. Upon operating, the re-
lay R2280 completes, at RA2261, the operating
circuit for the slow-acting lockout relay R2255,
which latter relay, upon operating, opens a point
in the path, traced previously, for applying
ground potential to the distributor start con-
ductor C2828. The cut-off relay R2260, upon
operating, also disconnects, at RA2265, the wind-
ing of the line relay R2250 from the line con-
ductor Ci381. At RA2264, the cut-off relay
R2260 removes ground potential from the line
conductor C1383. Thus, the called line is cleared
of all impedances which might interfere with the
transmission of voice frequency currents. When
the call is answered at the called substation, the
back bridge relay R2020 embodied in the oper-
ated link is caused to operate, in the manner
explained previously, and, upon operating, ap-
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" device to register the call.
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" plies booster battery potential to the control con-
" ductor C2118 of the line 34, thereby to energize

the operating magnet 2!'15 embodied in the

metering device individually associated with the

calling substation T2 and to cause the metering

ation of the back bridge relay, the desired con-
versational connection is fully completed.
*The manner in which the connection,.as es-

- tablished between the two substations Tz and Ts,
“is released is substantially similar to the release

of the apparatus as explained previously. Thus,
when the calling subscriber at the substation T
hangs up, the loop circuit by way of which the
relays R2100 and R20356 are being held energized
in series, is.interrupted at the springs 2171 and

’ /2172, causing both of these relays to restore.

When the line relay R2035 restores,:it opens the
operating circuit of the hold relay R2010, which

‘latter relay, upon restoring, initiates the release

of the operated link in the manner explained
above. When the link is released, ground is re-
moved from each of ‘the two control conductors
C2178 and C1382, respectively embodied in the
lines 34 and 33. The relay R2109, upon restoring,
functions, in the manner explained previously,
operatively to associate the apparatus provided
‘at the substation T: with the line 34. When
rround potential is removed from the control
conductor C2178, the cut-off relay R2120 and the

- Yockout relay R2130 are caused to restore in the

order named and in an obvious manner, thus re-
storing the line circuit associated with the line
34 to normal. Similarly, when ground potential

" is removed from the control conductor C1382,

the cut-off and lock-out relays R2260 and R2255,
respectively are caused to return the line circuit
apparatus associated with the line 33 to normal.

‘If the call intended for the substation T: is

_Initiated at the substation T: rather than the
substation Tz, the switching relay R2160 is en-’

ergized and remains operated for the duration
of the: call. More particularly, when the re-

.. celver 2168 is removed from its supporting hook

to initiate the call, the hook switch  provided
at the substation T:i is moved to its off-riormal
position to open the springs 2165 and 2166 gnd
to close the springs 2166 and 2167. At the last-
mentioned pair of springs, a circuit is completed
for energizing the upper winding of R2160 in
series with the winding of the lockout relay
R2110, this circuit extending from ground at
RC21i3 by way of RA2112, the winding  of
R2110, the transmitter 2169, the Teceiver 2168,
the springs 2167 and 2168, the pulsing springs
embodied in the calling device 2185, RAZ2i0I,
RA2121 and the upper winding of R2160 to bat-

. tery. Due to the relatively high resistance of

the upper winding of the relay R21860, the lockout
relay R2110 does not operate when energized
over the circuit just traced. The relay R2(60,
however, operates to perform the functions de-
scribed above, namely, to complete, at RA2163,
the operating circuit for the two relays R2140
and R2150 and to reverse the connections of

- the line conductors Ci388 and C1386 to the link

line conductors C2171 and C2i79. In this case,
when the finder portion of the seized link op-
erates to seize the line 34 and ground is returned
over the control conductor C2(718 from the op-
erated link to cause the operation of the cut-
off relay R2{20, the latter relay completes, at
RA2122, a multiple holding circuit for the upper
winding of R2160, the lower winding of the lat-
ter relay remaining deenergized. Thus, the re-

Following the oper--
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lay R2160 is not caused to restore. Also, when
the calling line 34 is seized by the finder portion
of the operated link, battery potential is im-
pressed upon the line conductor C2119 in the
manner explained previously, causing the lock-
out relay R2110 to be energized over a circuit
extending by way of C2119, RA2i61, RA2101,
the pulsing springs embodied in the calling de-
vice 2185, the switch springs 2166 and 2161, the
receiver 268, the transmitter 2169, the winding
of R2118 and RA2112 to ground at ' RC2113. The-
current traversing this circuit is ‘of sufficient
magnitude to cause the operation of the lockout:
relay R2110, which relay, upon operating, dis-
conitects the apparatus provided at the substa-
tion T2 from the line conductor C1384, thereby to
guard the connection against intrusion through
the initiation of a call at the substation T2 It
will be noted that, with the relay R2160 operated,
the relay 2150 is also in its operated position
so that the operating circuit for the operating
magnet embodied in the metering device associ-

-ated with the substation T; is prepared at the -

operated armature RA215{. Hence, when the
call is answered at the called substation, to cause
booster battery potential to be impressed upon
the control conductor C2118, the operating mag-
net 2176 is energized over a circuit extending by
way of the conductor C2118, RA2123, RA21{5}
and its associated working contact, and the
winding of the magnet 2176.. The resulting op-
eration of the magnet 2176 causes the metering
device individually associated with the substa-
tion T: to register the call. Thus, it will be
apparent that, by virtue of the particular line
circuit’ arrangement, the two metering devices
having respectively embodied therein the mag-

- nets 2175 and 2176 are caused selectively to op-
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erate depending upon which of the two substa-
tions T1 and Tz is the calling substation in an
established connection routed by way of the line
34. During the release of the connection es-
tablished as a result of the call initiated at the
substation Ti, the line circuit associated with
the line 34 is returned to normal in response
to the removal of ground potential from  the
control conductor C2{718. More particularly,
when ground potential is removed from C2178,
the cut-off relay R2120 restores to cause the
sequential restoration of the two relays R2160
and R2130.. . When the relay R2160 restores, it
opens, at RA2163 the operating circuit for the'
two parallel connected relays R21{40 and R2(50,
causing both of these relays to restore. Thus,
the line circuit associated with the line 34 is
returned to normal,

As explained previously, if a call initiated at
one of the subscribel’s substations and routed
to the finder-connector link illustrated in Figs.
19 and 20 is to be exterided to a substation asso-
ciated with a line of the multiplex type, it is
necessary that a third series of impulses be trans-
mitted through the finder-connector link to the

.station selecting apparatus associated with the

called multiplex. line in order operatively to as-
sociate the substation apparatus provided at the
desired substation with the called line. ‘To this
end, the control apparatus of the link is so ar-
ranged that the relay RI960.is not caused to
operate when a line of the multiplex type is se-
lected. More particularly, the off-normal springs
1887 operate only after the winers of the Strow-
ger switching mechanism (900 have been ele-
vated to & position above the last level of bank
contacts terminating lines of the multiplex type,
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If the last level of contacts at which hnes of this
type are terminated also contains contact sets
terminating lines-of the single party or duplex
type, the bank wiring of this level is arranged in
the manner explsined previously; that is, the
- multiplex lines are terminated at the contacts
first engaged by the wipers of the mechanism
1900 during the rotary movement thereof and the
single party and duplex lines are terminated in
the succeeding contact sets of the level, the re-
- sistor 1999 being connected to provide a circuit
for energizing the relay R1950 when the wipers
-of the switching mechanism {960 are rotated to
the position. corresponding to the first single
" party or duplex line in the level. 'Thus, the
“relay R1968 does not operate when a line of the
multiplex type is selected. If it be assumed now
that the call initiated at the substation T., for
example, is to be routed to a substation on a line
of the multiplex type, the response of the con-

nector portion of the link illustrated in Figs. 19

and 20 is such that the wipers 1981 to 1904 in-
clusive are positioned on the confacts terminat-
ing the desired line when the two line selecting
digits are dialed. At the end of the second digit,
if the called line tests idle, the relay RI910 is
caused to operate and locks itself in its operated
position in' the manner explained previously.
- Following the operation of this relay, the control
apparatus embodied in the connector portion of
" the link is conditioned to repeat the impulses of
the third series to the station selecting apparatus
associated with the called line.. Also, with the
relay RI1810 operated and the relay RI960 re-
stored a path is completed for Impressing nega-
tive battery potential upon the positive side of
the selected line, this path extending from the
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negative terminal of the exchange battery by .

‘way of the resistor 1976, C1993, RA2031;, C1994,
RA1965, RA[955, RAI919 and the wiper (904 to
the positive line conductor of the called line.
‘When the relay R1910 operates to impress ground
_ potential upon the control conductor of the

called line, the station selecting apparatus asso-
ciated with the selected line is seized and condi-
tioned to.respond to impulses transmitted there-
to. In the arrangement illustrated, the impulses
are repeated as battery potential pulses which
are transmitted over the path just traced to the
operated station selecting apparatus associated
with the called line.
the first impulse of the third digit, the relay
R2035 restores to open, at RA2031, a point in the
above-traced path extending from battery to the
positive line conductor of the called line.. At the
end of each open circuit pulse, this path is ob-
viously recompleted at RA2031. Ubpon restoring
at the beginning of the first impulse of the third
series, the relay R2035 also completes, at RA2036,
an alternative circuit for energizing the relays
RI1930 and RI920, this circuit extending from
ground at RA2036 by way of RA20(3, RA20017,
RA2044, CI891, RAI946 and the winding of
R 1930, where it divides, one branch extending by
way of RAISI8 and the resistor 1972 to battery,
and the other branch extending by way of
RA1932 and the lower winding of R1920 to bat-
tery. Upon operating, the relay RI1930 com-
pletes, at RA1932, an obvious holding circuit for
R1920 and opens, at RA1931, a point in the pre-
viously traced circuit for energizing the busy
test relay Ri940. 'The relay R1920, upon oper-
ating, completes, at RA1922, the circuit for ener-
gizing the relay R1925 and opens, at RAI921, a
point in the circuit, traced previously, for ener-
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gizing the upper winding of msm When the
relay R1928 operates, it opens, at RA{927 and its
associated resting contact, a further point in the -
operating circuit for RI(910 and prepares, at
RA19217 and its associated working contact, g cir- .
cuit, traced hereinafter, for energizing RI1940.
At RAI928’, the relay R1926 prepares the circuit,

traced previously, for energizing the relay R1960.

At the end of the third series of impulses dialed:
at the calling substation, the line relay R2085
remains operated to hold the above-traced oper-
ating circuit. for the relay R1930 interrupted at
RA2036. The relay R1930 now restores to open,
at RA1932, the holding circuit for R1920 and to
complete, at RAI931, the circuit for energizing
R 1940, which latter circuit may be traced as ex-
tending from ground at RAIS14 by way of
RA1921, RAI928, RAI93] and the winding of
R1940 to battery. Upon operating, the relay
R1940 prepares, at RA (944, its holding circuit as

‘traced previously, which holding circuit is com-

pleted in response to the sequential restoration of
R1920 and R{925 in the manner explained above.
At RAI842, the relay RI940 opens a further
point in the operating circuit for Ri210 and, at
RAI943, it prepares a point in the circuit, traced
hereinafter, for energizing the relay R2040. At
RA(945, the relay R1940 short-circuits the upper
winding of RI1920. At RA1946, the relay R1940
opens a point in the above-~traced circuit for
energizing the two relays RI(820 and R1930. At
RA1947, the relay R1940 short-circuits the im-
pulsing springs associated with RA2037 of the
line relay R2035. At RAI1948, the relay RI1940
prepares & point in the circuit, traced previously,
for projecting busy tone-over the loop circuit ex-
tending to the calling substation, this circuit now
being held open at the operated armature
RAI819° of the switching relay RI9(0. At
RA(941, the relay R1940 completes the patch,
traced previously, by way of which ringing cur-
rent is projected over the called line to energize
the signal device provided at the called substation
and ring-backtone current is projected over the
calling line to signal the calling subscriber that
the called substation is being rung. When the call
is answered at the called substation, ground po-
tential is impressed upon the negative line con-
ductor of the called line to energize the relay
RI1970, which relay upon operating, completes
the circuit, traced previously, for energizing the
switching relay RI1950. The relay RI1950, upon
operating, completes the desired connection be-

“tween the calling and called substations and ex-

tends the called loop circuit to the windings of
the back bridge relay R2020. The resulting op-
eration of the back bridge relay causes booster
battery potential momentarily to be applied to
the control conductor associated with the calling
line for the purpose of energizing the metering
device associated with the calling substation in
the manner previously explained. It is pointed
out that if the selected multiplex line tests idle,
the busy test relay R1940 operates in the man-
ner explained previsusly and, upon operating,
shunts, at RA1947, the pulsing springs of the
line relay R2035, thereby to prevent negative bat-
tery pulses corresponding to the impulses of the
final digit from being impressed upon the posi-
tive side of the selected line. )

The manner in which a connection routed to
a substation of the multiplex type is released is
In all respects similar to the release of the con-
nection as described above with reference to the
call initiated at the substation Ts. More par-
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. tlcular]y, the release of the connection is under
the control of the calling party and is initiated
- when the connection is cleared out at the calling
"-substation to causé the sequential restoration of
the line and hold relays R2030 and R2010, respec-
tively. The last-mentioned relay, upon restoring,
opens the holding circuits for the operated re-

lays R1910, R1940 and RI1950 and closes the cir- -

-cuit for energizing the release magnet 2033. The
resulting operation of the release magnet causes
- -the wipers of the Strowger switching mechanism

- 1900 to be returned to rotary and vertical normal,
When the relay R 1950 restores, in response to the
restoration of the hold relay R28186, the loop cir-
cuit extending to the called substation is inter-
rupted to cause the restoration of the back bridge

[

10

relay R2020, which latter relay, upon restoring, .

opens the holding circuit for the switching relay
R2050. - Thus, all of the relays embodied in the
finder-connector  link are restored to normal.
Pollowing the return of the wipers of the switch-

20

ing mechanism 900 to normal, the link is en~ -

tirely released and is conditioned for further use.

As explained previously, the two thermal re-
lays 2058 and 2062 are provided for the purpose
of preventing the link illustrated in Figs. 19 and
20 from bzing permanently appropriated to the
use of a line having a calling condition thereon
when no connection. is established by way of the
link to a called substation. More particularly,
these two relays function to release the link, if
the link is seized by a calling line and no impulses
are transmitted thereto by way of the calling line,
or if a calling subscriber fails to restore his re-
ceiver to its hook after receiving busy tone or
after an established connection has been re-
leased at the called end thereof. Thus, when the
link is seized, a circuit is completed for energiz-
ing the heating element 2063 embodied in the
thermal relay 2062 in response o the operation
of :the hold relay R2010. 'This circuit may be
traced as extending from ground at RA201i by
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way of C1989, RAI913, C1982, the heating ele- .

ment 2063 and the resistor 2085 to battery. This
 eircuit is maintained completed until the called
line is selected, is tested, and tests idle to cause
the operation of the switching relay RI810. On
the other hand, if a connection is established by
way of the link to a called substation, the called
party releases the connection siter the conversa-
tion held thereover is completed and the calling
~ party fails to clear out the connection at the call-

ing substation, an alternative circuit for energiz-
ing the heating element 2063 is completed, which
alternative circuit may be traced as extending
from. ground by way of RA2021 and its asso-
ciated resting contact, C1986, RA1952, C1982, the
heating element 2063 and the resistor 2065 to
battery. When energized over either of the two
circuits just traced, the heating element 2063
transmits heat energy to the bimetallic element
of the relay 2062, causing this element to be de-
flected to the left. After & predetermined. time
interval, the bimetallic element 2062 is deflected
sufficiently to close the contacts 2064, thus com-
pleting a circuit by way of the resistor 2061 for
energizing the heating element 2060. When the
last-mentioned heating element is energized, the
heat energy developed thereby causes the bime-
tallic strip of the relay 2058 to be deflected to
the 1eft. After a further predetermined time in-
terval, the last-mentioned bimetallic strip is de-
flected a sufficient amount to cause the contacts
2059 to be opened. These sprifigs are included
in the holding circuit for the switching relay
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R2050 so that, when opened the last-mentioned
relay restores to remove ground potential from
the.control conductor of the calling line angd to
open the loop civcuit extending to the line relay
R2085. The resultinig restoration of the line re-
lay R2035 is followed by the restoration of fhe
hold relay R2010 to initiate the release of the link
in the manner described previously.

If it be assumed that the calling condition re-
sponsible for seizure of the link illustrated in
Figs. 19 and 20 is created on the line 38 and
that the two.thermal relays 2088 and 2062 op-

-erate to cause the release of the link in the man-

ner just described, when ground potential is re-
moved from the control conductor Ci382’, the
cut-off relay R2260 embodied in the line circuit. .
associated with the line 83 is deenergized and
restores.. Upon restoring, the relay R2260 re-
connects the winding of the line relay R2260 to
the calling line so that this line relay is again
energized over the calling loop circuit. Upon
reoperating, the line relay R2250 completes, at
RA2251, a circuit extending by way of RA2256
for maintaining the slow-to-release lockout relay
R2255 operated. With the lockout relay R225%5
operated, the previously traced path for applying
ground.- to the distributor switch start conductor
2828 is held open at RA2266. With the line re-
lay R2250 operated, ground is retained on the
control conductor C1382 so that the line 33 is
guarded againsi seizure by any one of the nu-
merical switches provided in. the exchange B.
Obviously, when the calling condition present on
the line 83 is terminated, the line relay R2250
restores to open the holding circuit for the lock-
out relay R2266. When the last-mentioned relay
restores, the line circuit associated with the line
33 is restored to normal.

if the permanent calling condition responsible
for the seizure of the link illustrated in Figs, 19
and 20 and the operation of the two thermal re-
lays 2058 and 2062 is present upon the line 34
rather than the line 33, the manner in which the
line eircuit illustrated in Fig. 31 and associated
with the line 34 is operated to lock the calling
line out of service is substantially similar to that
just described with reference to the line circuit
associated with the line 33. More particularly,
when ground is removed from the control con-
ductor C21718 at a time when a calling condition
is present upon the line 34, the cut-off relay
R2120 restores to reconnect the windings of the
relay R2160 to the line conductors CI384 and
C1386. Substantially simultaneously with the
removal of ground from C2118, the holding cir-
cuit for the operated one of the lockout relays
R2100 and R2110 is interrupted in the link, caus~
ing the operated lock-out relay to restore. Upon
restoring, this lockout relay recompletes the cir-
cuit for energizing one of the windings of the re-
lay R2160. 'Thus, if the relay R2i {0 is operated
and restores, the upper winding of R2160 is en-
ergized, whereas, if the lockout relay R2100 is op-
erated and restores, the lower winding of R2160
is energized. In either case, the relay R2f60 re-
operated to complete at RA2i183 the operating
circuit for R2148, which latter relay, upon re-
operating, completes, at RA2143, the holding cir-
cuit for the operated slow-to-release lockout re-
lay R2130 and applies, at RA2142, ground poten-
tial to the control conductor C1385 to maintain
the line 34 marked as busy in the bank contacts
of the various connector switches, With the lock-
out relay R2130 in its operated position, the path
for applying ground to the distributor start con~
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ductor C2328 is held open-at RA2i32 and its as-
sociated resting contact. When the.calling con-
dition present on the line 34 is terminated, the
relay R2160 is deenergized and restores to open,
at RA2163, the operating circuit for R2140. When
the last-mentioned relay restores, it opens the

holding circuit for R2130, causing the latter re- -

lay to restore after an interval to return the line
circuit associated with the line 84 to normal.

‘SECTION 7.—ToiL CALL INITIATED AT SUBSTATION
AssociATED” WITH LINE EXTENDING TO Ex-
CHANGE B.

SussectIoN A.—Cuall routed to operator’s position
" in excChange B

If the night or: transfer switch 800 provided

at the operator’s position illustrated in Fig. 5 oc-

.cupies its restored position the operator’s switch-
ing apparatus provided in the exchange B is con-

nected for service, whereby a toll call, initiated

at a substation on a line extending to the ex-

change B and intended for a substation associ-

ated with a line extending to one of the ex-

changes A, D and P, is first routed to the oper-

ator’s position in the. exchange B. Thus, if a

calling subscriber at the substation T: initiates

_a& toll call, the link illustrated in Figs. 19 and 20
is assigned to the use of the calling line and the

appropriate line selecting digits of the operator’s

directory number are dialed, the call is forwarded

to the operator’s position in the exchange B. The

arrangement of the connector portion of the local

" finder-connector link illustrated in Figs. 19 and
20 is such that, on calls of this character, the

calling loop circuit is switched through to a suc-

_ ceeding switch or to the apparatus provided at
the operator’s position. More particularly, the
trunk lines utilized on such calls are terminated
. in the contact sets forming the uppermost levels
of the contact field embodied in the switching
mechanism 1900 and the off-normal spring 2094
is arranged to operate from its normal position
illustrated in the drawings to its off-normal posi-
tion when the wipers of the switching mechanism
1900 are operated vertically to a position opposite
the first of the levels terminating trunk lines of
this character. Hence, when the first digit is
dialed at the calling substation and during the
vertical movement of the switch wipers, the

spring 2081 is moved from engagement with the !

spring 2092 and into engagement with the spring
2093 to prepare a circuit, traced hereinafter, for
energizing the lower winding of the switching-
through relay R2040. During the impulses of the

second digit dialed at the calling substation, the :

. rotary magnet 1974 is energized once for each
impulse and the relays R1930, R1920 and R1925
are energized and operate, all in the manner ex-
plained previously. The wipers of the switching
mechanism 1900 respond to the alternating op-
eration and restoration of the rotary magnet 1974
by traversing the contacts of the selected contact
level. When the relay R1i295 operates at the

" beginning of the first impulse of the second digit,
it completes, at RA 1928, the previously mentioned
circuit for energizing the lower winding of R2040,
this circuit extending from ground at RA2011 by
way of the springs 209f and 2093, C1984, RA1926,
C1885 and the lower winding of R2040 to bat-
tery. When its lower winding is energized over
this circuit, the relay R2040 only partially oper-
ates to complete at the “X” contacts associated
with RA2043 g path for short-circuiting its up-
per winding, which path may be traced as ex-
tending from ground at RA20/1 by way of
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RA2043, the upper winding of R2040, C{985,
RA1926, C1988 and the springs 2091 ang 2093
back to ground at RA201I. At the end of the
second digit dialed at the called substation, the
relay R1930 is caused to.restore in the manner
previously explained and, upon restoring, com-
pletes, at RA1931, the test circuit for determin-
ing the idle or busy condition of the selected
trunk line.

The arrangement of the local finder-connector
link shown in Figs. 19 and 20 is such that auto-
matic trunk hunting is provided with respect to
the trunk lines exfending to the operator’s
position in the exchange B. More particularly,
the respective control and extra control contacts
of the contact sets terminating the respective
trunk lines making up the trunk line group ex-
tending to the operator’s position are connected
together. Also, if any particular trunk line of
the group is busy, ground potential is present
upon the control conductor thereof, whereas, if
the line is idle, battery potential is present upon
its control conductor. If it be assumed that the
first trunk line of the selected gioup is busy, the
ground potential which is present upon the test
wiper 1902 results in the energization of the
busy relay R1940 over the previously traced test
circuit. 'This relay, upon operating, prepares,
at RA1944, its holding circuit which is completed
in response to the sequential restoration of R1920
and R1925, in the manner set forth above, At
RA1943, the busy relay R1840 completes a mul-
tiple path for maintaining the upper winding of
R2040 short-circuited so that this relay is pre-
vented from- completing its operation until the
trunk hunting operation is ended. At RA1§42,
the relay R{9480 opens a point in the circuit,
traced previously, for energizing the upper wind-
ing of the line switching relay R1910. At RA1845,
the relay R1940 short-circuits the upper winding
of R1920, thereby to render the latter relay ex-
ceedingly slow to release and to insure the com-
plete operation of R{935 before the relay RI925
restores, Immediately the wipers of the switch-
ing mechanism [900 are moved into engagement
with the contacts terminating the busy first trunk
line of the selected trunk group, ground poten-
tial is impressed upon the extra control wiper
1903 to cause the energization of the relay RIi935
over a circuit extending by way of RAI1915,
RA1928’, the armature 1975, and the winding of
R1935 to battery. Upon operating, the reiay
R1935 completes, at RAI936, a holding circuit
for itself, this holding circuit extending from
ground at RA2011 by way of C1989, RA1836, the
armature 1875 and the winding of R1935 to bat-
tery.” At RAI931, the relay R1935 completes an
alternative circuit for energizing the rotary mag-
net 1974 in parallel with the lower winding of
R{920, this circuit extending from ground at
RA20i4 by way of CI1992 to RA!837, where it
divides, one branch extending by way of RA1632
and the lower winding of R1920 to battery and
the other branch extending by way of RAI918
and the winding of the magnet 1974 to battery.
The continued energization of the lower winding
of R1920 over the circuit just traced serves to
maintain this relay operated during the trunk
hunting operation. When the rotary magnet 1914
is energized over the circuit just traced, it oper-
ates to step the wipers of the switching mecha-
nism 1800 an additional step or into engagement
with the contacts terminating the next trunk line
of the selected group, At its armature 1975, the
rotary magnet 1974 opens g point in the pre-
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viously traced holding circuit for R1985; caus-
ing this relay to' restore to open an additional
. point in its holding ecircuit and to open, at
" RAI831, a point in the circuit, traced above, for

energizing the lower winding of Ri920 and the
magnet 1874 in parallel. If the second trunk line
of . the selected group is also busy, ground poten-

-tial is present upon the extra control conductor
" thereof so that the relay R1935 is agaln energized

over the test circuit, traced above. Upon re-
operating, this relay again completes, at RA1936,

- its holding circuit and, at RA 1931, the circuit for
- energizing -the lower winding of RI1920 in par-
" allel with the rofary magnet 1974. When again

energized, the rotary magnet 1974 interrupts the
holding circuit for R1935 and causes the wipers

- of the switching mechanism {900 to be advanced

into engagement with the contacts terminating
the third trunk line of the selected group. The
interrelated operation of R1935 and the rotary
magnet 1978 continues until such time as the
wipers are operated into engagement with the
contacts ‘terminating an idle trunk line of the
selected group or until these wipers are moved to
the position corresponding to the last line of the
group. Assuming that all of the trunk lines in
the group are busy, when the wipers of the
switching mechanism 1900 are operated to the
position corresponding to this last trunk the
trunk hunting operation of the connector switch
is arrested. More particularly, the control con-
ductor of the last trunk line in the group. is not

. connected to the extra control conductcr of the

set terminating this trunk line, but is left open-
circuited. Hence, when the wipers are operated
to the position corresponding to the last trunk
line of the group, no further circuit is available
for causing the reoperation of RI935 and the

- interrelated operation of this relay and the mag-
‘net 1974 is discontinued. Shortly thereafter, the

two relays R 1920 and R1925 gare caused to restore
in the order named and in an obvious manner.
Upon restoring, the last-mentioned relay com-
pletes the previously traced holding circuit for
the busy test relay R1940 and opens, at RA1926,
the multiple path shunting the upper winding
of the switching-through -relay RI%40. At
RA1929, the relay Ri925, upon restoring, com-

pletes the previously traced circuit for applying-

busy tone voltage to the calling loop circuit,
thereby to signal the calling party that the
desired: connection cannot be obtained. Follow-
ing the receipt of busy tone, the calling party
may initiate the release of the operated link in
the manner explained previously. o
Assuming that one of the trunk lines of the
selected group is idle, the movement of the wip-
ers embodied in the switching mechanism (900
is arrested when these wipers are rotated into
engagement with the set of contacts terminating
the idle line. Thus, when the wiper 1903 en-
counters a contact having nezative battery po-
tential thereon, the winding of R1935 is short-
circuited and further operation of this relay is
prevented. Also, battery potential is impressed
by way of the control conductor of the idle trunk
line upon the test wiper {902 when the switch
wipers encounter the set of bank contacts ter-
minating the idle trunk line. Hence, the busy

. test relay R1940 is also short-circuited and re-

stores. Shortly thereafter, the two relays R1920
and R1925 restore in the order named and in an
obvious manner.. With the relays Ri825 and
R 1940 both restored, the previously traced path
short-circuiting the upper winding of R2040 is

interrupted, permitting the two windings of the
last-mentioned relay to be energized in series.-

- The relay R2040 now assumes its fully operated

. position to open, at RA2048, s point in the cir-
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cuit, traced previously, for energizing the release
magnet 2033, At RA2044, the relay R2040 opens
8 point in the impulsing circuit extending to the
rotary magnet 1874, At RA2042, the relay
R2040 completes a path extending from ground .
at. 'RA2011 and by way of C1981 for applying
ground potential to the control conductor of the
selected frunk line, At RA204f and RA2046 and
their respective associated resting contacts, the
relay R2040 opens two points-in the calling loop
circuit, thereby to deenergize the line relay
R2035. At these same armatures and their re-
spective associated working contacts, the relay
R2040 switches the calling loop circuit through -
to the line conductors of the selected trunk lire.
If it be assumed, for example, that the trunk
line 36 is the first availlable idle line of the
selected group, this trunk line is seized in the
manner just described and the calling loop cir-
cuit is switched through to the line conductors
thereof to complete a circuit for energizing the
line relay R685 embodied in the line terminating
apparatus associated with the trunk line 36 and
provided 'at the operator’s position- in the ex-
change B. This circuit may be traced as ex-
tending from ground at the upper terminal of
the lower winding of R685 by .way of this wind-
ing, the transformer winding 655, C838, the
switch springs 814 and 813, C862, the wiper {904,
C1985, RA2046, RA2054, the wiper 20713, C2i11,
RAZI61, C1386, RA2101, the pulsing springs em-
bodied in the calling device 2185, the switch
springs 2166 and 2167, the receiver 2168, the
transmitter 2169, the windihg of R2110, RA2112,
RA211i1, RA2164, C2179, the wiper 2071, RA2051,
RA2041, C1981, the wiper 1901, C850, the switch
springs 807 and 808, CB836, the transformer
winding 654 and the upper winding of R685 to
battery. When energized over this circuit, the
relay R685 operates to complete, at RA68T, an
obvious circuit for energizing the slow-acting
hold relay R690 and to complete, at RA686, & cir-
cuit for energizing the line signal lamp 619 in
series with the relay R520. More particularly,
the last-mentioned circuit extends from ground
by way of RA686, RA696, the fllament of the
signal lamp 679, C§44 and the winding of R520 to
battery. The resulting illumination of the lamp
619 serves to indicate to the operator that g call-
ing condition is presert upon the trunk line 38.
The visual signal indication given by the lamp
619 is supplemented by the operation -of the
audible signal device 525 providing the key op-
erated switch comprising the springs 513 oc-
cupies- its off-normal position. More particu-
larly, if the springs $(8 are closed, the relay
RS20, upon operating in response to its energiza-
tion in series with the signal lamp 679, completes,
at RAB2!, a circuit extending by way of the ar-
mature 526 for energizing the buzzer §25. The
resulting operation of this buzzer indicates to the
opérator that an incoming call awaits attention.
When the slow-to-release hold relay R690 op-
erates in response to operation of the line relay
R685, it prepares at RA692 g circuit for energiz-
ing the relay R€95. At RA839{, the relay R690
completes a path extending by way of C837 and
the switch springs 811 and 810 for applying
ground potential to the control conductor C851
of the trunk line 36. The application of ground
potential to this control conductor serves to hold
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_the ﬂndex connector link of Figs. 19 and 20 in its
- operated position independently of the line and
hold ‘relays embodied in the link, More par-
“ticularly, this ground potential is forwarded by
way of the wiper 1802, C1937 and RA2042 to the
conductor C1989, thereby to maintain the relays
R2040 and R2050 energized independently of the
line and hold. relays R2035 and R2018, respec-
tively. In this regard, it will be noted that, im-
mediately the switching-through relay R2048 op-
erates, it opens the loop circuit to the line relay
R2035. Upon restoring, this line relay opens, at
RA2036, the operating circuit for the hold relay
R2010. Shortly after ground is returned over
the ‘control conductor of the selected trunk line,
the hold relay R2010 restores to open, at RA20811,
the multiple path for applying ground potential
to .the conductor C1989. At RA2015, the relay
R2010, upon restoring, prepares a point in the

- above-traced circuit for energizing the release.

magnet 2033, this circuit now being held open at
the operated armature RA2045 of the switching-
through relay R2040.

In order to answer the call, the operator in the
exchange B first operates the answer switch 666
to its off-normal position, thereby operatively to
associate her telephone set with the loop circuit
extending to the calling substation, Thus, when
the switch 666 is operated to the off-normal posi-
tion, the contact springs 668 and 672 are closed

to connect the series connected windings 503 and

504 of the induction coil 502 across the line
terminals of the windings 651 and 652 embodied
in the repeating transformer €50. Operation
of the switch 686 to its off-normal position -also
results in the completion of a circuit for ener-
gizing the transmitter 500 embodied in the opera-
tor’s telephone set, which circuit may be traced
as extending from ground by way of the switch
springs 667, C546, the transmitter 500, the in-
duction coil winding 505 and the winding of the
retard coil 587 to battery. It will be understood
that, due to the coupling between the winding
505 and the series connected windings 503 and
504 of the induction coil 502, voice frequency
currents developed by the operation of the trans-
mitter and traversing the' closed circuit, just
traced, cause corresponding induced voltages to
be developed in the windings 508 and 504 which

are impressed upon the windings 651 and 652 of !

the repeating transformer 6508. Similarly, signal
currents traversing the windings 654 and 655 of
the repeating transformer 660 cause induced volt-
ages to be developed in the two windings 651 and
652 which are impressed by way of a circuit in-
cluding the line conductors C547 and C548 and
the condenser 506, upon the terminals of the re-
ceiver 50f. When the answer switch 666 is
operated to its off-normal position in the manner
Jjust described, an obvious circuit is completed, at
the springs 678, for energizing the busy lamp 698,
which lamp, in its illuminated condition, indi-
cates that the trunk line 36 is in a busy condi-
tion. Operation of the switch 686 to its off-
‘normal position also results in the energization
and operation of R695 over a circuit extending
from ground by way of the springs 671, RA692
and the winding of R695 to battery, When ener-
gized over this circuit, the relay R695 operates to
open, at RAG696, a point in the circuit, traced
above, for energizing the line signal lamp 679 in
series with the relay R520. Thus, operation of
the buzzer 525 is arrested, and the lamp 679 is
extinguished.
.Upon conversing with the calling party, the
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‘operator may ascertain the subsciiber or sub-
‘station desired by the calling party and take the

proper steps to cause the desired connection to
be established. In this regard, it is pointed out
that the operator in thé exchange B may route
the connection to an operator’s position in the
exchange A or, by seizing the proper outgoing
trunk line and dialing the proper line selecting
digits, cause a connection to be routed directly to
a substation associated with a line terminating

at the exchange F, a substation associated with s, -

line terminating at the exchange C, a substation
associated with a line terminating at the ex-
change D, or a substation associated with a line
terminating at the exchange E.

SussecTION B.—Extension of the connection to a
substation line terminating at the exchange A

If the call initiated at the substation T: and
rcuted to the operator’s position in the exchange
B is to be extended to a substation associated
with a line terminating at the exchange A, the
operator who answers the call may cause the
connection to be forwarded by seizing an idle
trunk extending to the exchange A. For ex-
ample, if the inter-office trunk line 12 is idle, the
operator who answers the eall may operate the
call and answer switch 619 to its off-normal
position, thereby to seize this trunk and to cause
a signal to be transmitted to the line terminating
apparatus 0. illustrated in Fig. 4 and located
in the exchange A. More particularly, when the

“'switch 619 is operated to its off-normal position,
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the springs 620 and 628 are closed to connect the
operator’s telephone set across the windings 601
and 602 of the repeating transformer 608. At the
springs 625, a multiple circuit, similar to that
traced previously, is completed for ehergizing the
transmitter 500. - At the springs 624, a multiple
circuit is completed for energizing the normally
energized slow-to-release relay R635. At the
springs 626, an obvious circuit is completed for
energizing the line busy lamp 648.

As pointed out previously, with the arrange-
ment illustrated, it is contemplated that, during
the day when an operator is on duty in the ex-
change B, the transfer switch 4838, embodied in
the line terminating apparatus illustrated in
Fig. 4, shall be operated to its off-normal posi-
tion, wherehy conventional manual ringing may
be utilized in signaling over the trunk line {2
between the two operators’ positions. With this
arrangement, the operator may actuate the ring-
ing key 632 to its off-normal position to cause
alternating ringing current to be projected over
the trunk line 12 to the apparatus 10.. More
particularly, when the switch 632 is moved to its
off-normal position, an obvious circuit is com-
pleted at the springs 643 for energizing the slow-
to-operate relay R645, which relay, upon oper-
ating, connects the opposite terminals of the
ringing current generator, not shown but pro-
vided in the exchange B, to the line conductors
C413 and C414 of the trunk line 2. When the
relay R645 operates, the alternating current relay
R470 is energized over a circuit which may be
traced as extending from one terminal of the
ringing. current generator by way of the springs
633, RA646, C834, the springs 802 and 8061, C413,
RAA496, the transformer winding 476, the wind-
ing of R470, the condenser 478, the transformer
winding 477, RA408, C414, the springs 804 and
805, C835, RA647, and the springs 634 to the
opposite terminal of the ringing current gen-
erator, When energized over this circuit, the
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relay RAT0 operates to complete, at RAA412, a
circuit extending by way .of RA458 and RA454
for energizing the lower winding of the- relay
RA50. The last-mentioned relay is of the two-
step type, such that it operates to close only the
“X” contacts associated with RA453 in response
to the energization of its lower winding. When

these contacts are closed, a path is completed-

for short~-circuiting the upper winding of R450,
which- path may be traced as extending -from

855
When the operator in the exchange A inserts
her answer plug-in the jack 482, the line termi-

- nals of her telephone set are connected, in the

10

ground at RA472 by way of RAA458, RA454, the .

upper winding of R450, RA453 and the switch
springs 487. and 486 back to ground at RAA46I.
It will be understood that the operator located
in the exchange B only momentarily operates
the non-locking ringing key 632 to its off-normal
position and, hence, only a pulse of ringing cur-
rent is transmitted over the trunk line {2 to
cause the energization and operation of the relay
R470. When the ringing key 632 is restored to
normal, the relay R64% is caused to restore to
open the above-traced cireuit traversed by the
ringing current and to connect the line con-
ductors of the trunk line 12 to the line terminals
of the windings 604 and 605, embodied in the
repeating transformer 600. At the end of. the
ringing operation and when the switch 632 is
restored to normal, the relay R410 is deenergized
and restores to open, at RA472 a point in the
previously traced path short-circuiting the upper
winding of R450, permitting the two windings of
the last-named relay to be energized in series

over a circuit extending from ground at RA461

by way of the switch springs 486 and 487, RA453

and the two windings of R450 to battery. When ¢
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© its two windings -are energized in series over the.

circuit just traced, the relay R450 completes its
" operation to open, at RA454, a further point in
its operating circuit and to prepare at RA454
and its assoclated working contact, a circuit,
traced hereinafter, for .energizing the. lower
winding of RA4§5. At RA451, the relay R450
opens a. point in the circuit, traced hereinafter,
for energizing the supervisory lamp 483. At
RA852, the relay R450, upon fully operating,
completes a circuit for energizing the line signal
lamp 492, this circuit extending from ground
at RA461 by way of RA452 and the filament of
the lamp 493 to battery. The resulting illumina-
tion of the lamp 493 indicates to the operator
on duty at the position 10 in the exchange A
and having access to the equipment  10,, that
an incoming call on the trunk line 12 awaits
attention.

To answer the call, the operator inserts the ;

plug terminating the conductors of her telephone
set in the answer jack 482 and, in so doing,
applies battery potential to the sleeve contact
of the answer jack 482 to completeé a circuit for
energizing the relay R460, this circuit extending
from ground at the upper terminal of the wind-
ing of R460 by way of this winding, and RA407
to battery as impressed upon the sleeve contact
of the answer jack 482. Upon operating, the
relay R460 completes, at RA463, an cbvious hold-
ing circuit for itself and prepares, at RA464, a
point in the pulsing circuit, traced hereinafter,
for energizing the pulsing relay R410. At RA46I
and its associated resting contact, the relay
R460, upon operating, opens a point in the cir-
cuit, traced above, for energizing the line lamp

. 493, thereby to extinguish this lamp. - At RA46I,"

the relay R460 also interrupts the above-traced
circuit for energizing the two windings of RA450
in series, causing the latter relay to restore.
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usual manner, across the winding 480 of the re-
peating transformer 416 through the tip and
ring contacts of the jack 482, thereby to com-
plete a talking connection extending by way of
the trunk line 12 to the calling operator’s posi-
tion in the exchange B. After instructing the
answering operator in the exchange A as to the
party desired by the calling subscriber at the
substation T1, the operator in the exchange B
may estabish a bridge or jumper connection be-
tween the trunk lines 86 and 12 and release the
call dnd answer link line 883 and. its associated
equipment for further use. 'To this end, and if
the ‘connecting link line 582 is used, the two
switches 607 and 658 are operated to their re-
spective off-normal positions and the call and
answer switches 619 and 866 are restored to nor-
mal. When the switch 658 is operated to its off-
normal position, the springs 664 and 659 are
closed to connect the line terminals of the re~
peating transformer windings 651 and 652 to the
link line conductors C688 and C689. = Similarly,
when the switch 607 is operated to its off-normal
position, the springs 609 and 6171 are closed. to
connect the line terminals of the repeating
transformer windings 60f and 602 to the link
line conductors C688 and C688. Thus, a bridging
connection including the link line 552 is com-
pleted between the trunk lines 36 and 12. When
the switch 658 is operated to its off-normal posi-
tion, a multiple circuit is completed at the
springs 66{ for maintaining the busy lamp 698
energized, and a multiple holding circuit is com-
pleted at the springs 660 for maintaining the
relay R698 operated. At the springs 663, an al-
ternative circuit, traced hereinafter, is prepared
for energizing the supervisory lamp 51f. When
the switch 607 is operated to its off-normal posi-
tion the springs 610 and 6i1 are closed to pre-
pare & circuit, traced hereinafter, for energizing
the relay R640." Following operation of the two
switches 607 and 658 to the off-normal position,
the desired bridging connection between the
trunk lines 12 and 36 is completed and the link
line §53 may be released. ‘To this end, the
switches 618 and 668 are restored to normal.
When the key controlled. switch 619 is returned
to normal, the springs 620 and 628 are opened
to disconnect the line conductors C5471 and C548
from the windings of the repeating transformer
600. Similarly, when the switch 666 is returned
to normal, the line conductors of the link line
553 are disconnected from the windings of the
repeating transformer 680. At the springs 625,
the muiltiple circuit for energizing the trans-
mitter 500 is opened, the operating clrcuit for
the transmitter being interrupted at the springs
667 when the switch 666 is restored to its normal
position. At the springs 626, the multiple circuit
for energizing the busy lamp 648 is interrupted
and, at the springs 624, the multiple holding cir-
cult -for R83% is opened. BSimilarly, when the
switch 666 is restored to normal, the multiple
holding circuit for R695 is opened at the springs
871 and the multiple circuit for energizing the
busy lamp 698 is interrupted at the springs 670.

After the information concerning the substa-
tion desired by the calling party is relayved from
the operator in the exchange B to the operator in
the exchange A, the last-mentioned operator
may cause the comnnection to be forwarded to
the desired substation line in the manner con-
ventionsally followed. in manual office practice.
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" When the desired connection is fully established,
the supervision of the calling end thereof is un-
der the control of the operator located in the
exchange B. Thus, when the call is cleared out
at the calling substation T: and the calling loop
- cireuit is interrupted, the line relay R685 is de~
energized and restores. Upon restoring, the re-
lay R685 opens, at RA687, the operating circuit
for the slow-acting hold relay R696 and com-
pletes, at RAG688, the above-mentioned circuit
for energizing the supervisory signal lamp 511,

523
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this latter circuit éextending from ground by way

of RAB8B, the switch springs 663, C543, the fila-
ment of the lamp 6§11 and the winding of R539
to battery. < The. resulting illumination of the
supervisory lamp 5f 1 indicates to the operator in
the exchange B that the connection routed by
way of the link line 582 has been cleared out at
the calling substation. If the key controlled
switch comprising the springs 5({3 occupies its
normal position at the time the line relay R885
restores, the operation of the relay R530 result-
‘Ing from its energization in series with the su-
pervisory lamp 811 causes the buzzer 535 to oper-
ate and supplement the visual signal with. an
Thus, if the springs 513 are
closed, the relay R530, upon operating, com-
pletes, at RAb3I, a circuit extending by way of
the springs 513 and the armature 536. for ener-
- gizing the operating magnet of the buzzer 535.
In order to release the link line 552 utilized in
~ the connection, it is only necessary for the oper-
ator In the exchange B to restore the key con-
trolled switches 607 and 658 to normal.
. the switch 681 is returned to its normal position,
the line terminals of the repeating transformer
windings 601 and 602 are disconnected from the
link line conductors C688 and C689 and the cir-
cuit for energizing the busy lamp 648 is inter-
rupted at the springs 613. Similarly, when the
switch 658 Is restored to normal, the line ter-
minals of the repeating transformer windings
651 and 652 are disconnected from the link line

~ conductors C888 and C689 and the circult for -

energizing the busy lamp 688 is interrupted at
the springs 661. Also, when the last-mentioned
switch is operated to its normal position, the
springs 663 are opened to interrupt the circuit,
traced above, for energizing the supervisory lamp

51 in serles with the relay R530, causing the

lamp bi1 to be extinguished and the relay R530
to restore to arrest the operation of the buzzer
535. At the springs 660, the holding circuit for
the relay R898 is interrupted when the switch
8588 is returned to its normal position. Upon
restoring, the relay R695 reprepares, at RA696,
the circuit, traced above, for energizing the line
signal lamp 6798.
" . When the hold relay R890 restores in response
~to the restoration of R685; it opens, at RA63I,
& point in the path, traced previously, for apply-
ing ground potential to the control conductor
C881 of the trunk lne 36. The removal of
ground potential from this control conductor re-
sults in the deenergization and restoration of the
two operated relays R2040 and R2060 embodied
in the finder-connector link illustrated in Figs.
19 and 20, When the relay R2040 restores it
initiates the release of the link in the manner
described previously. Thus, the relay R2048,
“upon restoring, completes at RA2045 the pre-
viously traced circuit for energizing the release
magnet 2033, which maghet, upon operating,
causes the wipers of the switching mechanism
1900 to be returned to rotary and vertical nor-
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mal in the usual manner, The manner in which
the line circuit associated with the calling line
is-returned to normal is exactly the same as de-
scribed previously. ‘

In order to inform the. operator in the ex-
change A that the connection has been cleared
out at the calling end thereof, the operator in
the exchange B momentarily operates the ring-
ing key 632 to its off-normal position to cause
ringing current to be. projected over the trunk
line 12. 'This current traverses the two windings
476 and 4717 causing the corresponding voltage to
be induced in the winding 489, which voltage
serves to energize a ring up relay conventionally
provided in the operator’s cord circuit. The re-
sulting operation of this relay serves to energize
a visual or audible signal associated with the
cord circuit, thereby to indicate to the operator
at the position 10 in exchange A that the con-
nection ‘may be released. If will be noted that
the two-relays R470 and RA460 respond to the
pulse -of ringing current transmitted over the
trunk line 2 for the purpose of signaling the
operator in the exchange A. Since the relay
RA460 is operated at this time, however, the mo-
mentary operation of the two relay R470 and
RA450 is without effect. Upon receiving the dis-
connect signal, the operator in the exchange A
may initiate the release of the established con-
nection extending to the called subscriber’s sub-
station in the usual manner. During the release
operation, the operator withdraws the plug ter-
minating the conductors of her telephone set
from the answer jack 482, thereby interrupting

5 the circuit over which R460 is being held ener-

gized. . Following the restoration of. R460, the
apparatus illustrated in Fig. 4 is in its normal
condition and is prepared for further use. '

SussecTioN C.~Extension of the connection-to
a substation line terminating at the exchange
4, C, D, E, or F when the operator in exchange
B is off duty ’

As explained previously, when the operator in
the exchange B leaves her -position or goes off
duty, the transfer switch 800 is operated to its
off-normal position so that the springs thereof
assume the positions illustrated in the drawings.
Also, the transfer switch 483 located at the oper-
ator’s position in the exchange A is operateq to
a position such that the springs embodied there-
in occupy the positions fllustrated in the draw-
ings. - With the transfer switch 800 occupying its

.off-normal position, all calls' intended for the

operator’s position in the exchange B are auto-

-matically forwarded to an operator’s position in

the exchange A. Thus, if the call described in
the preceding subsection and originating at the
substation T: is initiated at a time when the
transfer switch 800 occuples its off-normal posi-
tion, the calling loop circult is switched through
to the repeater illustrated in Figs. 10 and 11 in
response to the switching-through operation of
the connector switch of Figs. 19 and 20 which
occurs following the seizure of the trunk line 36.
When the calling loop circuit is switched through
to the repeater of Figs. 10 ang 11, the line relay
RI006 embodied therein is energized over a cir-
cuit which may be traced as extending from
ground at the upper terminal 6f the lower wind-
ing thereof, by way of this winding, C845, the
switch springs 815 and 813, CB852, the switch
wiper 1804, C1995, RA2046, RA2058, the wiper
2013, C2117, RA2161, RA2101, the pulsing springs
embodied in the calling device 2185, the switch
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springs - 2166 and 2167, the receiver 2168, the
transmitter 2189, the winding of R2{10, RA2112,
RA2{11, RA2164, C2119, the switch wiper 20T,
RA205!, RA2041, C1981, the wiper (90{, C850,
the switch springs 807 and 809, C843 and the
upper winding of R{005 to battery.  Upon oper-
ating, the relay R1005 completes, at RA1006, an
cbvious circuit for energizing the slow-acting
hold relay RI1000. The relay R1000, upon oper-
ating, completes, at RAI00f, an obvious path for
applying ground to the control conductor C844,
which ground is extended by way of the switch
springs 812 and 810 to the control conductor
C851 of the trunk line 36, thereby to maintain
the link illustrated in Figs. 19 and 20 operated
after the line and hold relays embodied therein
restore in the manner previously explained. At
RAI1003, the relay R1000, upon operating, pre-
pares a circuit, traced hereinafter, for energizing
the relay RI1030. ‘At RAI002 and its associated
working contact, the relay R{000 completes a cir-
cuit for energizing the slow-acting relay R1100,
this circuit extending from ground by way of
RAI1002, RA{036, C1082, RAII12 and the winding
of RI1100 to battery. When energized over this
circuit, the relay RI100 operates to prepare, at
RA(104, a circuit for energizing the slow-to-
operate relay R11085; to complete, at RA{I03, a
circuit extending from ground at RA{133 for
energizing the slow-acting relay R{120; and to
complete at RAI1102 g circuit extending from
ground at RAI132 for energizing the relay R1140.
The relay Ri140, upon operating, completes, at
RAI(142, the above-mentioned circuit for ener-
gizing the slow-to-operate ‘relay RI10§. At
RAI1141 and RA1143 and their respective associ-
ated working contacts, the relay R1{40 connects
the opposite terminals of the alternating current
source, not shown, but provided in the exchange
B to the line conductors C84f and C8482 of the
trunk line 28, which trunk line is now connected
by way of the springs of the fransfer switch 800
to the trunk line 12 extending to the operator’s
position {0 in the exchange A. At its armatures
RAfI121 angd RA1122, the slow-acting relay R1120,
upon operating, disconnects the line terminals of
the repeating transformer windings 1178 and 479
from the line conductors of the trunk line 28,
thereby to prevent alternating current from be-

" ing fed back over the calling loop circuit to the

calling substation. The relay R1105, upon oper-
ating, completes, at RAI107, an obvious circuit
for energizing the relay RI110. At RAI109, the
relay RI105 completes a circuit for energizing the

relay RI1030, this circuit extending from ground

by way of RA1109, C1094, RAI003 and the wind-
ing of R1030 to battery. The relay R1030, upon
operating, completes, at RAI038, a holding cir-
cuit for itself, which holding circuit extends from
ground at RA1057 by way of RA1038 and the
winding of RI1030 to battery. At RAI032, the
relay R1030 prepares an alternative path for ap-
plying ground potential to the control conductor
C844 of the trunk line 40. At RA103{ and
RA1039; the relay R1030 connects the line con-
ductors C843 and CB845 of the trunk. line 40
through to the line terminals of the repeating
transformer windings 1174 and {115. At RA1036,
the relay R1030 opens a point in the above-traced
operating circuit for the relay RI100 causing the
last-mentioned relay to restore. A further point
is opened in the operating circuit for RI(00 in
response to the operation of RI{10, which latter
relay operates substantially simultaneously with
the operation of Ri{0830. Upon restoring, the re-
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lay R1100 opens, at RAfI04, the above-traced
operating circuit for R1105, causing the last-
mentioned relay and the relay Rii10 to restore
in the order named. At RAI{02 and RAI103, re-
spectively, the relay RI1100 opens the respective
operating circuits, traced previously, for the two
relays R1120 and R1140, causing both of these .
relays to restore. When the two last-mentioned
relays fall back, the line conductors C841 and
CB842 are disconnected from the alternating cur-
rent source angd are reconnected to the line ter-
minals of the repeating transformer windings
1178 and 1179. '

From the foregoing description, it will be ap-

5 parent that the relays RI100, R1140, R1110, and

RI1030 cooperate to cause a seizing pulse of al-
ternating current to be transmitted by way of
the trunk line 12 to the operator’s position (0
in the exchange A, The duration of this pulse
is primarily determined by the slow-acting char-
acteristics of the two relays RI{00 and R{105
and is relatively short. The path traversed by
the alternating current may be traced as ex-
tending from one terminal of the alternating
current source, not shown, by way of RAII4I,
C841, the switch springs 803 and 801, C4i3,
RA406, the transformer winding 416, the winding
of R470, the condenser 418, the transformer wind-
ing 4711, RA408, C414, the switch springs 804 and
806, C842 and RAI143 to the opposite terminal
of the alternating current source.. When ener-
gized over this circuit, the alternating current
relay R410 operates, in the manner explained
above, to .complete, at RA&72, the previously
traced circuit for energizing the lower winding
of R450. The last-mentioned relay, upon par-
tially operating, completes, at the “X” contacts
associated with RA453, an alternative path for
short-circuiting its upper winding, which path
may be traced as extending from ground at
RA434 by way of the switch springs 488 and 487,
RA453, the upper winding of R450, RA454, and
RA458, back fo ground at RA412, The alternat-
ing current relay R470, upon operating, also
opens, at RA4T{, a point in the path by way of
which signal currents are transmitted to the
operator’s telephone set, thereby to preclude the

‘possibility of the operator’s receiver being ener-

gized by the alternating current. .

At the end of the seizing pulse of alternating
current transmitted by way of the trunk line 12
and when the relay R{140 restores in the man-

ner just explained, the alternating current relay

RA4T10 is deenergized and restores to open, at
RAA412, a point in the above-traced path short-
circuiting the upper winding of R450, permit-
ting the two windings of this relay to be ener-
gized in series. The relay R450 now completes
its operation to complete, at RA462, the previous-
ly traced circuit for energizing the line signhal
lamp 493. At RA4S51, the relay R450 opens a
point in the circuit for energizing the supervisory
lamp 492 and, at RA454, it opens a point in its
operating circuit and prepares a point in the
operating circuit for the relay R455.

The illuminated condition of the line signal
lamp 493 indicates to the operator at the posi-
tion 10 in the exchange A that a call is present
on the trunk line 12 which should be answered.
To answer the call, the operator inserts.the plug
terminating the line conductors of her telephone
set in the answer jack 482 in the manner ex-
plained previously. In response to this opera-
tion, the relay R460 operates to complete its
holding circuit and to open at RA461 and its
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associated resting contact the circuit for cner-
gizing the line signal lamp 493. At RA462, the
relay R460 completes a holding circuit for R450,
which circuit may be traced as extending by
way of RA466, the switch springs 488 and 4817,
RAA453 and the two series connected windings of
R450 to battery. At RA461 and its associated
working contact, the relay R460 completes a cir-
cuit for energizing the slow-to-operate relay
RA&45 in parallel with the relay R405, one branch
of the circuit extending by way of the switch
springs 484, RA4(6, RA422 and the winding of
RA445 to battery, and the other branch of the cir-
cuit extending by way of the switch springs 484,
RA436 and the winding of R405 to battery. The
relay R405, upon operating, completes, at RA406
and RA408 and their respective associated work-
ing contacts, a circuit for projecting alternating
current over the trunk line 12 to the repeater
 illustrated in Figs. 10 and 11. At RA401, the
relay R405 opens a point in the  above-traced
operating circuit for R460. When energized over
the circuit traced above, the relay R445 operates,
after an interval, to prepare, at RA447, an alter-
native circuit, traced hereinafter, for energizing
the relay R405 and to complete, at RA446, an
obvious circuit for energizing the slow-to-release
relay R430. The last-mentioned relay, upon
operating, completes at RA432, a circuit extend-

ing by way of RA438 and its associated resting

contact for energizing the relay R440. The relay
R440 now operates to complete, at RA441, RC442
and RC443; an obvious circuit for energizing the
slow-to-operate relay R433." The last-mentioned

relay, upon operating, completes, at RA439 an :

obvious holding circuit for itself; prepares, at
RA439’, a circuit for energizing the pulsing relay
R41{0; opens, at RA434, the multiple holding cir~
cuit for R450; opens, at RA438, a point in the

above-traced operating circuit for R405; and °

completes, at RA437, a holding circuit for R440,
which latter circuit may be traced as extending
from ground at RA46| by way of the switch
springs 484, RA437, RA438 and the winding of
‘R440 to battery. When its operating circuit is
interrupted in-the manner just described, the
relay R405 restores to terminate the pulse of al-
ternating current transmitted by way of the
trunk line {2 to the repeater illustrated in Figs.
10 and 11,
reconnects the line conductors C413 and C4i4
of the trunk line 12 to the line terminals of the
repeating transformer windings 416 and 477,

" When the alternating current source provid-
ed in the exchange A is connected to the line
conductors of the trunk line 12, the relay R1{15
embodied*in the repeater illustrated in Figs. 10
and 11 is energized over a circuit which may be
traced as extending from one terminal of the
ringing current source by way of RA4i{, RA406,
C413, the switch springs 801 and 803, C84f,
RAII41, RA112{, the winding 1178, the con-
denser 1177, the winding of RI {5, the winding
1119, RAI122, CB842, the switch springs 806 and
804, C414, RA408, and RA4I2 to the opposite
terminal of the alternating current source. The
relay RI115, upon operating, opens, at RAIIIS,
a point in the calling loop circuit, thereby to
prevent the alternating ringing current from
being transmitted to the calling substation. At
RAI{I{1, the relay RiI115 completes a circuit for
energizing the lower winding of RI8{2, this cir-
cuit extending from ground by way of RAIIIT,
C1090, RAI03T’ and its associated working con-
tact. RA1023, RAI01T and the lower winding of

Also, upon restoring, the relay R4085 *
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RI1012 to bailery. When its lower winding is
energized over this circuit, the relay RI1012 par-
tially operates to complete, at the “X” contacts
associated . with RAI013, a path for short-cir-
cuiting its upper winding, this path extending
from ground at RAI033 by way of RAI04I,
RAI013, the upper winding of Ri012, RAIOIT,
RAI023, RAI03T’ and CI090 back to ground at
RAI111. At the end of the pulse transmitted by
way of the trunk line 12 to the repeater illus-
trated in Figs. 10 and 11, the relay R{115 re-
stores to open, at RAIIIT1, the above-traced path
short-circuiting the upper winding of Ri{012
and to recomplete, at RAI{16, the calling loop
circuit. When the short-circuiting path, traced
above, is interrupted, the two windings of RI0I2
are energized in series and this relay completes
its operation to prepare, at RAI0{T, a circuit,
traced hereinafter, for energizing the lower
winding of the relay RI1020. At RAI014 and
RAIDI5, the relay R10{2 reverses the polarity of
the battery voltage impressed upon the line con-
ductors CI551 and C1553 of the trunk line 44
through the windings -of the line relay RI1005,
but such voltage polarity reversal is without ef-
fect in the case here being considered. It will
be noted that the polarity of the battery volt-
age impressed upon the. line conductors CB843
and C845 of the trunk line 40 through the wind-
ings of the line relay R1005 is not affected by the
operation of the relay R1012.

Following the operation and restoration of the
alternating current relay RIII5 in response fo
the pulse of alternating current transmitted
over the trunk line 2 in the manner just de-
scribed, the desired conversational connecfion
between the calling substation T1 and the oper-
ator’s telephone station in the exchange A is
fully completed. If the substation desired by the
calling party is associated with a line terminat-
ing at the exchange A, the operator may forward
the connection to the desired substation in the
manner conventionally followed in manual office
practice. On the other hand if the call is to be
forwarded to g line terminating at one of the ex-
changes C, D, E or F, the operator in the ex-
change A may cause the desired connection to
be set up in the manner explained subsequently
in section 9, subsections B and D. At the end of
the conversation and when the connection is
cleared out at the calling substation Ti, the call-
ing loop circuit is interrupted, in the usual man-
ner, causing the line relay RI085 to restore.
Upon restoring, the relay RI005 opens, at
RAI1006, the operating circuit for the hold relay
RI1000, which latter relay, upon restoring, com-
pletes, at RA100{, the above-mentioned alter-
native path for maintaining ground on the con-
trol conductor C844, this path extending from
ground at RA1032 by way of RAI08I to the con-
trol conductor noted. At RAIDB87, the relay
RI005, upon restoring, completes an alternative
circuit for energizing the relay R1120, which cir-
cuit may be traced as extending by way of
RA1037, C1083 and the winding of R1120 to bat-
tery. The relay RI1120, upon operating, discon-
nects the line terminals of the repeating trans-
former windings (1718 and 11719 from the line
conductors C841 and C842 of the trunk line 28.
At RAI006, the relay R1005 also completes an
alternative circuit for energizing the relay R1140,
this circuit extending from ground by way of
RAI006, RAI035, CI1080 and the winding of
R1140 to battery. When energized over this cir-
cuit, the relay RI{140 again connects the line
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conductors of the trunk line 28 to the alternat-
ing current source provided in the exchange B,
thereby to complete the previously traced cir-
cuit for energizing the alternating current relay
R470. At RA1002 and its associated resting con-
tact, the relay RI1000, upon restoring, completes
a circuit for energizing the upper winding of
RI1130, this circuit extending by way of RA1034,

o

‘C1079 and the upper winding of RI130 to bat-

tery. Upon operaling, the relay RI1130 prepares,
at RAI(31, a circuit, traced hereinafter, for en-
ergizing the operating magnet 1072 of the ro-
tary switch 1070; prepares, at RA1133, a circuit
for energizing the slow-to-operate relay R1105;

and completes, at RA1432, a circuit, extending

by way of RAIlI12, for energizing the relay
RI1100. The relay RI100, upon operating, com-
pletes the previously traced circuit for energiz-
ing the slow-to-operate relay RI(05 and also
completes;, at- RAI10{, a multiple holding cir-
cuit for R{ 130, which latter circuit may be traced
as extending from ground at RAI131 by way of
RAI(10! and the upper winding of RI130 to bat-
~tery. 'The relay RI105, upon operating, shunts,
at RA{106, the operated armature RAII0l of
the relay RI100, thereby to provide a multiple
holding circuit for RI1130.. At RAII0T, the re-
lay R1105 completes the operating circuit for

the relay RI110, which latter relay, upon oper-.
ating, opens, at RAII112, the operating circuit :

for RI1100 and completes, at RAI1I{, the above-
mentioned circuit for energizing the operating
magnet 1072 of the minor switch 1070. Upon
restoring, the relay Ri100 opens, at RAI104, the

operating circuit for RI1106, which latter relay, :

in turn, restores to open the operating circuit
for R{110. When R1110 restores, it recompletes,
at RAI112, the operating circuit for R{100,
thereby to again. initiate the sequential opera-
tion of RI1105 and R11#0. The cyclic operation
of the three relays R1100, R1105 and RI110 con-
tinues until the wiper {071 of the rotary switch
1070 is stepped to its fifth off-normal position.
More particularly, during each cycle of opera-

tion of the three relays R1100, R1105 and RI1(0, -

the rotary magnet 1072 is energized in response
to the operation of RI110 and is deenergized
when the relay Rill0 restores. The circuit for
energizing the magnet 1072 may be traced as

extending from ground at RAI(I31 by way of :

‘RAIII, CI1078 and the winding of the magnet
1072 to battery. When the wiper {071 is caused
to take its first step from the normal position,
the off-normal springs {074 are closed to prepare

a circuit, traced hereinafter, for energizing the :

release magnet 1073 of the minor switch 1070.
When the wiper {071 of the minor switch (070
is stepped. to its fifth off-normal. position, the
winding of the relay RI039 is short-circuited
over a path extending from ground at RAI033
by way of the wiper f07{ and the two contacts
engaged thereby, the winding of RI1030 and
RAI038 back to ground at RAI05§7. When its
winding is short-circuited over the path just
traced, the relay RI1030 restores to open, at
‘RAI03! and RAI1039, two further points in the
calling loop circuit and to interrupt, at RA1032,
the above-traced alternative path for impress-
ing ground potential upon the control conduc-
tor C844 of the trunk line 40. Also, the relay
R1030, upon restoring, opens, at RAf1035 and
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RAI031, the respective alternative operating cir-

cuits, as traced above, for the two relays RI1140
and RI120, causing both of these relays to re-
store. At RA{1034, the relay R1030, upon restor-
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ing, opens a point in the above-traced operating
circuit for R1130, permitting the last-mentioned
relay to restore following the restoration of the
two relays R1100 and R1105, to open the hold-
ing circuit for RI(130. When the relay RI140
restores, the alternating current source provid-
ed in the exchange B is disconnected from the
line conductors C841 and C842 of the trunk line
28, thereby to terminate the pulse of alternat-
ing cuirent being transmitted over the trunk line
12 to the operator’s position in the exchange A.
The relay RI1130, upon restoring, opens, at
RAI132 and RAI133, points in the respective
operating circuits for the two relays R1100 and
RI1105, thereby to-arrest the cyclic operation of
these two relays and the relay RI110. At
RAI131 and its associated working contact, the
relay R1138 opens a further point in its holding
circuit and, at RAHI3l and its associated rest-
ing contact, the relay R1130 completes a circuit
for energizing the release magnet 1073 embod-
jed in the minor switch 1070.  The last-men-
tioned circuit may be traced as extending from
ground at RA{I3f by way of CI1084 the closed
off-normal springs 1074, and the winding of the

‘release magnet 1073 to battery. When-energized

over this circuit, the release magnet operates to
cause the wiper 1071 to be returned to its nor-
mal position in the usual manner, at which time
the off-normal springs 1074 are opened to inter-
rupt the operating circuit for the release magnet
1073.

From the foregoing description it will be ap-

_parent that a relatively long pulse of alternating

current is impressed upon the trunk line 12 by
the repeater shown in Figs. 10 and 11 in re-
sponse to the release of the connection at the
calling substation Ti:. When this alternating
current release pulse iIs impressed upon the
trunk line 12, the alternating current relay R470
is energized and operates to complete, at RA412,
a circuit for energizing the lower winding of
RA455, this circuit extending by way of RA458,
RA454 and the lower winding of R455 to bat-
tery. When its lower winding is energized over
this circuit, the relay R455, which is of the two-
step type, partially operates to complete, at the
“X” contacts associated with RA451, a path for
short-circuiting its upper winding, this path ex-
tending from ground at RA462 by way of RA466,
the switch springs 488 and 481, RA457, the upper
winding of R455, RA454 and RAA458 back to
ground at- RA472. At the end of the release
pulse, when the relay R1140 is caused to restore
to disconnect the alternating current source
from the conductors of the trunk line 12, the
relay R4710 restores to open, at RA412, a point
in the path short-circuiting the upper winding
of R455, permitting the two windings of this
relay to be energized in series. The relay R455
now completes its operation to open, at RA458,
a point in its operating circuit and to complete,
at RA456, an obvious circuit for energizing the
slow-to-operate relay RA465. The last-men-

7 tioned relay, upon operating, opens, at RA466,

a point in the holding circuits for each of the
two relays R450 and R 455, causing both of these
relays to restore. The relay R455, upon restor-
ing, opens, at RA456, the operating circuit for
RA465, causing the latter relay to restore. At
RA4S5(, the relay R450, upon restoring, com
pletes a circuit for energizing the supervisory
lamp 492, this circuit extending from the ground
at RA461 by way of the.switch springs 484,
RAA5! and the filament of the lamp 492 to bat-
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‘tery. The illumination of the lamp 492 indicates
to the operator that the connection has been
released at the calling substation and that the
trunk line utilized in the connection is ready to
be released for further use. 'To release the
trunk line 12 and the equipment associated
therewith, the operator withdraws her connect-
ing plug from the answer jack 482, thereby to
remove battery potential from the sleeve con-
tact of the jack 482 to cause the deenergization
of the relay R460. Upon restoring, the relay
R466 opens, at RA463, a point in its holding cir-
cuit; opens, at RA461, the above-traced operat-
ing circuit for the supervisory lamp 492; and
completes, at RA462, a circuit extending by way
of RA436 for again energizing the relay RA405.
The relay R405 now reoperates to connect, at
RA406 and RA408 and their respective associ~
ated working contacts, the conductors of the
trunk line 12 to opposite terminals of the alter-
nating current source provided in the exchange
A, thus causing a pulse of alternating current to
be transmitted by way of the trunk line {2 to
the repeater illustrated in Figs. 10 and 11. When
the relay R460 restores, it also opens, at RA461,
a point in the common portion of the holding
circuits for the two relays R440 and R445. The
relay R445, upon restoring, opens, at RA446, the
operating circuit for R430, causing the latter
relay to restore. When the relay R443 is deen-
ergized, its weighted armature RA441 is released
. and starts vibrating alternately to make con-
tact with its two associated contact springs
RC442 and RC444. During the time interval
when the armature RA441( is vibrating to engage
the two enumerated contacts, the relay R433
_is held energized over its holding circuit. When
the amplitude of vibration of RA441 is decreased
so that it no longer engages RCA42 and RC444,
the operating and holding circuits for R433 are
opened and this relay restores to open, at RA436,
the above-traced operating circuit for R4085.
The relay R405, upon restoring, disconnects the
conductors of the trunk line 12 from the alter-
nating current source provided in the exchange
A, thereby to terminate the pulse of alternating
current transmitted by way of this trunk line to
the repeater illustrated in Figs. 10 and 11. Fol-
lowing the restoration of the relay R485, all of

the relays illustrated in Fig. 4 are deenergized !

and the trunk line terminating equipment shown

in this figure is conditioned for further use.
When the pulse of alternating current is ap-

plied to the trunk line {2 through the operation

of the relay R405 in the manner just described, !

the alternating current relay RIi115 embodied in
the repeater illustrated in Figs. 10 and 11 is
energized and operates to complete, at RAIIIT,
a circuit for energizing the upper winding of
R 1050, this circuit extending by way of CI109¢,
RAI1037’, RAI056 and the upper winding of
R1050 to battery. When its upper winding is
energized over this circuit, the relay R1050 par-
tially operates to complete, at the “X” contacts
associated with RA10654, a path for short-cir-
cuiting its lower winding, which path may be
traced as extending from ground by way of
RAI054, RC1048, RAI047, the lower winding of
R1058, RAI056, RAI037’, and CI1090 back to
ground at RAHIIT. At the end of the alternat-
ing current pulse the relay RI115 is deenergized
and restores to open, at RA(I{T, a point in the
path short-circuiting the lower winding of R1850,
permitting the two windings of the last-men-
tioned relay to be energized in series. The relay
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R1050 now completes its operation to open, at
RAID56, a point in its operating circuit and to
complete, at RA1051, RAI055 and RA1059, a loop
circuit extending by way of the trunk line 29 to
the incoming connector switch illustrated in
Figs. 12 and 13. When this loop circuit is com-
pleted, the indicated incoming connector switch
is seized and operates, in the manner described
hereinafter, to condition itself to respond to im-
pulses transmitted thereto over the trunk line
29, At RA(057, the relay R1050 completes an
obvious circuit for energizing the upper winding
of the differential relay R1065. The relay R1065
does not operate at this time, however, since
the currents respectively traversing its two
windings are differentially related. At RA1052,
the relay RIi050 completes a path extending by
way of RAI001 for applying ground potential to
the control conductor C1552 of the trunk line 44
and to the control conductor C844 of the trunk
line 40, thereby to mark the repeater as busy in
the numerical switches having access thereto. At
RAI1058, the relay R1050 completes a circuit for
energizing the slow-to-release relay RI165, this
circuit extending from ground at RAI058 by
way of C1095, RALITI, RAI151 and the winding
of R1165 to battery. When energized over this
circuit the relay RI165% operates to prepare, at
RA(167, a holding circuit for itself and to pre-
pare, at RAI166, a circuit, traced hereinafter, for
energizing the relay R1{50.

At RAI{051, the relay RI060, upcn fully op-
erating, completes a circuit for energizing the
lower winding of R{130, which circuit extends by
way of C1082, RA{1154 and the lower winding of
RI130 to battery. The relay RI1130 operates
when its lower winding is energized over this
circuit to prepare, at RAI131, the above-traced
operating circuit for the rotary magnet 1072 and
a point in its own holding circuit. At RAf1133,
the relay R1130 prepares the previously traced
operating circuit for R1105. At RA1132, the relay
RI130 completes the above-described operating
circuit for the slow-acting relay RI1!00, which
latter relay, upon operating, completes at RA{1104
the operating circuit for R11{05, thereby to
initiate the cyclic operation of the three relays
RI1100, R1105 and RI1 110 in the manner described
previously. During each cycle of operation of
these three relays, the operating circuit for the
rotary magnet 1072 is completed in response to
operation of the relay RI110, and is interrupted
when the relay RI110 restores. - Thus, the wiper
1071 is caused to be driven from its home po-
sition over the contacts of the associated contact
set. When the wiper {071 is driven to its ninth
off-normal position, an obvious circuit is ccm-
pleted for energizing the slow-to-release relay
R1045, which relay, upon operating, opens the
holding circuit for RI1060 and simultaneously
completes an alternative holding circuit for this
relay. ‘This alternative circuit extends from
ground at the inner ninth contact of the contact
bank embodied in the rotary switch 1070 by way
of the bridging wiper 1071, the outer ninth con-
tact of the bank contact field, RA1046, RAI047
and the two windings of R1050 in series to bat-
tery. When the wiper 1071 is stepped to its
tenth off-normal position the operating circuit
for R1045 and the alternative holding circuit for
RI1050 are both interrupted, causing these two
relays to restore. The relay R1059, upon restor-
ing shortly before the relay R1045 falls hack,
opens, at RA1054, a further point in its original
holding circuit.. At RAf1058, the relay RI050
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opens the previously traced operating circuit for
RI165 and, at RA1051, it interrupts the operating
circuit for the relay RI1130. RAI1051, RAI058

and RA1059, the relay R1050 opens the loop cir- -

cuit extending to the operated incoming con-
nector switch illustrated in Figs. 12 and 13. The
interruption of the loop circuit extending to this
incoming connector switch causes the switch to
be released in the manner explained in detail
hereinafter. With its operating circuit inter-
rupted, the relay R1130 is-held energized over

~its holding circuit until the period of the next

operating cycle of the three relays Rii00, R11085
and RI110 when the two first-named relays are
deenergized. When the relays R1100 and R1105
restore the holding circuit for R{130 is inter-
rupted, and this relay restores to open the operat-
ing circuits for the two enumerated relays and

10

to interrupt, at RAI131, a point in the circuit -

for energizing the operating magnet 1072 Thus,
the cyclic operation of the three relays RI100,
RI105 and RI110 is arrested. At RA1131 the
relay R1130, upon restoring, completes the pre-
viously traced circuit for energizing the release
magnet 1073, thereby to cause the wiper 0T to
be returned to its home position in the ‘usual
manner. Following the release of the . switch
1070, the repeater illustrated in Figs. 10 and i1
is restored fo normal and the connection is fully
released.

SussecTION D.—Extension of the connection to
a substation line terminating in the Exchange
C when the operator in the exchange B is on
duty

As pointed out previously, in the system illus-
trated, a call initiated at a substation associated
with a line terminating at the exchange B and
intended for a substation associated with a line
extending to the exchange C is first routed to
the operator’s position in the exchange B or to
the operator’s position in the exchange A and
from either of these two positions to the desired
substation line terminating in the exchange C.
Thus, if the operator in the exchange B, upon
answering the call forwarded to her position from
the calling substation T: in the manner explained
in this section, Subsection A, is informed that
the substation desired by the calling subscriber
is -associated with a line extending to the ex-
change C, as for example the substation Ts, she
may cause the desired connection to be set up by
seizing the incoming connector switch illustrated
in Figs. 12 and 13 and thereafter dialing the ap-
propriate line selecting digits. To seize the in-
dicated incoming connector switch, the switch
164 is operated to its off-normal position. After
this incoming connector switch is seized the op-
erator may dial the directory number of the
substation T, operate the two connecting switches
658 and 757 to establish ‘a link connection be-
tween the calling and called talking circuits and
then restore the two'call and answer switches 666
and 764 to normal to disconnect her telephone
set from the established talking connection.
When the call and answer switch T64 is operated
to its off-normal position, the line conductors C547
and C3%48 of the link line 553 extending to the
operator’s telephone set are connected, at the
springs 166 and 110, to the line terminals of the
repeating transformer windings 772 and 173. At
the springs 168, an obvious circuit is completed
for energizing the line busy lamp 163 -and, at
the springs 165, an obvious multiple circuit is
completed for maintaining the transmitter 500
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energized. At the springs 161, a circuit is pre-

pared for energizing the control relay RT80 and, .
at the springs 768, an obvious circuit is com-

pleted for energizing the relay R795." Upon op-

erating, the relay R195 completes, at RAT96, an
obvious circuit for energizing the lower winding
of R190 and completes, at RAT97, a loop circuit
extending to the incoming connector switch illus-
trated in Figs. 12 and 13, thereby to cause the
energization and operation of the line relay
RI1235. More particularly, the line relay R1235
is energized over a circuit which may be traced
as extending from ground by way of RAI254,
the lower winding of R1235, the lower winding of

5 R1230, RCI227, RA1226, RA(206, C854, the switch

springs 821 and 822, RA185, RC186, the winding
118, the resistor 191’, the upper winding of R190,
RA191, the winding 175, RC183, RAT82, the switch
springs 811 and 816, C853, RA1201, RA1223,
RCI1224, the upper winding of RI1230 and the
upper winding of RI1235 to battery. At this
time the two windings of R190 are differentially
energized and, hence, this relay does not operate.
Also, the two windings of the relay R1230. are
differentially energized so that this does not op-
erate. The relay RI235, upon operating, com-
pletes, at RA1236, an obvious circuit for ener-
gizing the slow-acting hold relay R{240. The
relay R1240, upon operating, opens, at RA1244,
a point in the circuit, traced hereinafter, for
energizing the release magnet 1208; prepares, at
RAI243, an impulsing circuit for energizing the
vertical and rotary magnets 1256. and 1356, re-
spectively; and completes, at RA1282, a circuit
extending by way of the off-normal springs (255
for energizing the upper winding of the slow-
acting relay R1245. The relay R1245 now oper-
ates further to prepare, at RA1247, the circuit
for energizing the vertical magnet 1256, At
RAI1246, the relay RI1245 completes an obvious
circuit for energizing the relay R1250. Upon
operating, the relay R1250 completes, at RA1251,
& path for applying ground potential to the ring-
ing and tone apparatus start conductor CI251’,
this path extending from ground at RAI1221 by
way of C1263, RAI312, C1264 and RAI1251 to the
start conductor C1251’. When ground is applied
to this start conductor, the operation of the ring-
ing and tone apparatus provided in the exchange
B is initiated in the usual manner. At RAI[253
and RAI254, the relay RI1250, upon operating,
includes the secondary winding 1259 of the trans-
former 1258 in the calling loop circuit, Thus,
dial tone current is caused to flow over the call-
ing loop circuit and through the windings 715
and 176 of the repeating transformer 111 so that
the usual dial tone signal is reproduced by the
operator’s telephone receiver 501,

Upon receiving dial tone, the operator may op-
erate the calling device 508 in accordance with
the directory number designating the called sub-
station Ts. During each back stroke of the dial
embodied in the calling device 508, the shunt
springs 509 are closed to complete an obvious
circuit for energizing the slow-to-release relay
R540, which relay, upon operating, completes a
circuit for energizing the relay R188. The last-
mentioned circuit extends from ground by way
of the shunt springs 509, RA542, C549, the switch
springs 167 and the winding of R180 to battery.
When energized over this circuit, the relay R780
operates to connect, at its armature springs
RAT8I, RAT82, RAT84 and RA185, the impulsing
springs 510 of the calling device 508 directly
across the line conductors C853 and C854 of the
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trunk line 30 extending to the incoming connec-
" tor switch shown in Pigs. 12 and 13. At RA782
RA185 and their respective assoclated contacts
RC183 and RCT86, the relay RT80 disconnects
the line terminals of the repeating transformer

windings 115 and 716 from the line conductors

C853 and C854 of the trunk line 30. At the end
of each digit and when the dial of the calling de-
vice 508 restores to normal, the shunt springs 509
are opened to cause the restoration of the two
relays R540 and R780. When the relay RT80
restores it recompletes the. initially established
.loop circuit extending to the operated incoming
connector switch. . During each back stroke of
the dial embodied in the calling device 508, the
impulsing springs 510 are opened a number of
times determined by the number of impulses mak-
ing up the digit dialed, so that the loop circuit
extending to the incoming connector switch illus-
trated in Figs. 12 and 13 is interrupted in ac-
cordance with the impulses of the digit. Each
time this loop circuit is interrupted, the line re-
- lay RI1235 restores to complete, at RA1236, the
previcusly mentioned circuit for-energizing the
vertical magnet 1256, this circuit extending from
ground by way of RAI1236, RA1243, RAI241 and
the winding of the magnet 1256 to battery. It
will be noted that the lower winding of the relay
R 1245 is also energized over the impulsing circuit

just traced. - Each time the vertical magnet 1256

is energized, it operates to elevate the wipers 1371
to 1314, inclusive, of the Strowger switching
mechanism' 1370 one step in a vertical direction.
Accordingly, at the conclusion of the first digit,
the enumerated wipers are left standing opposite
the level of bank contacts corresponding to the
number of impulses making up the digit. When
the enumerated wipers are moved the first step
in the vertical direction, the off-normal springs
1255 are opened to interrupt the above-traced cir-
cuit for energizing the upper winding of R1245;
the off-normal springs 1257 are closed to complete
an obvious multiple path for maintaining ground
on the ringing and tone apparatus start conduc-
tor C1251’; and the off-normal springs 1207 are
closed to prepare a circuit, traced hereinafter,
for energizing the release magnet 1208. Due to
its slow-to-release characteristic, the relay R1245
is held operated for the duration of the digit

through the repeated energization of its lower *

winding over the impulsing circuit as traced
above. At the end of the first digit, the line
relay R1239 is maintained operated for a suffi-
cient time interval to permit the relay RI1245 to
restore. Upon restoring, the last-mentioned re-
lay opens, at RA1247, the circuit for energizing
its own lower winding and the winding of the
magnet 1256 in parallel and interrupts, at RA (2486,
the operating circuit for the relay RI1250. When
the relay RI1250 restores, it opens, at RA{251, the
original path for applying ground potential to the
ringing and tone apparatus start conductor
C125¢’ and excludes, at RA1253 and RA1254, the
secondary winding 1259 of the dial tone trans-
former 1258 from the calling loop circuit.

The arrangement of the control apparatus em-
bodied in the incoming connector switch, shown
in Figs. 12 and 13, is similar to that of the local
connector switch iltustrated in Figs. 19 and 20 and
described previously, in that its operation is dif-
ferent depending upon the character of the line
to be selected. More particularly, the arrange-
ment of the incoming connector switch of Figs.
12 and 13 is such that the switch is adapted
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to seize a subscriber’s line of the single party,
duplex or multiplex type, or to seize a trunk line
extending to a succeeding automatic switch or
repeater, the different modes of operation heing
determined by the number of impulses making
up the first series ol impulses transinitied to the
switch. The manner in which the incoming con-
nector switch illustrated in Figs. 12 and 13 op-
eratzs when a connection is to be extended to a
line of the single party, duplex or multiplex type,
is described hereinafter in Section 9, Subsection
A. In the present case, the repeater illustrated in
Figs. 17 and 18 and terminating the trunk line
32 is assumed to be one of a group of similar re-
peaters individually terminating trunk lines ex-
tending to the exchange C. These trunk lines
are terminated in a particular level of the bank
contacts embodied in the Strowger mechanism
1310, and the arrangement of the control appa-
ratus embodied in the incoming connector switch
is such that automatic trunk hunting is provided
for the purpose of selecting an idle trunk in the
group. Also, the a2rrangement is such that the
calling loop circuit is switched through to the re-
peater terminating the selected idle trunk line
when the trunk hunting operation is terminated.

In the case here being considered, wherein a
trunk line in the group including the line 32
is to be selected, the off-normal springs (216 are
closed during the vertical movement of the wip-
ers 1371 to 1314, inclusive, to prepare a circuit
for energizing the switching-through reiay
Ri200. Following the dialing of the first or group
selecting digit, the operator in the exchange B
dials the particular digit identifying the group
of trunk lines including the line 32. During each
impulse of this digit the line relay R1235 re-
stores to complete the above-mentioned circuit
for energizing the rotary magnet (356 in series
with the slow-acting relay R1335, this circuit ex-
tending from ground at RAI236 by way of
RAI243, RAI1247, RAI204, CI1272, RAI1326, the
winding of R{335, RAI366 and the winding of
the magnet 1356 to battery. A branch of this
cireuit extends by way of RAI337 and through
the upper winding of the relay R{340 to battery,
whereby the relays R1340 and RI(335 are both
caused to operate at the beginning of the first
impulse of the second digit. Upon operating,
the relay R1335, at RA1331, opens the operating
rircuit for R1340 and completes a holding circuit
therefor, At RAI336, the relay R1335 opens a
point in the circuit, traced hereinafter, for en-
ergizing the lower winding of the busy test re-
lay RI1320. The relay R340, upon operating,
opens, at RA134f a point in the operating cir-
cuit for the slow-to-operate relay R1360 and com-
pletes, at RAI1342, an cbvious circuit for ener-
gizing the relay R1350. The last-mentioned re-
lay, upon operating, prepares, at RAI13561, a rir-
cuit for energizing the relay R1304 and prepares,
at RAI1352, a point in the above-mentioned cir-
cuit for energizing the busy test relay R1320.
At RAI353’, the relay R1350 completes a cir-
cuit for energizing the lower winding of the
switching through relay R1200, this circuit ox-
tending from ground at RAI1341 by way of the
off-normal springs (216, CI1214, RA1353", C1213
and the lower winding of R1200 to battery. When
its lower winding is energized over this circuit,
the relay R1200 partially operates to complete,
at the “X” contacts associated with RAI1202, a
path for short-circuiting its upper winding,
which path may be traced as extending from
ground at RA1241 by way of RAI202, the upper
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winding of R1200, Ci2713, RAI[353’, Ci1274 and
the off-normal springs 1216 back to ground ab
RAI241. :

During each impulse of the second digit dialed
at the operator’s position, the rotary mnagnet
1356 is energized and deenergized and operates
to drive the wipers 1371 to 1374, inclusive, over
the contacts of the selected level so that, at the
conclusion of the digit, the enumerated wipers

_are left standing in erigagement with the con-

tacts terminating the conductors of the first
trunk line in the selected group. Due to its slow-
to-release characteristic the relay RI335, to-
gether with the two relays R1340 and R {350, is

" “held operated until the digit is-ended.

In order to adapt the incoming connector
switch of Figs. 12 and 13 for automatic trunk
hunting, the respective test conductors of ezch
of the trunk lines of a trunk group, with the
exception of the test conductor of the last trunk
line, are connected to both the test and extra
control contacts of the contact sets terminat-
ing the respective trunk lines.. Thus, the control
conductor C1319 of the trunk line 32 is connected
to both the test and the extra control contacts
embodied in the set of contacts terminating the
conductors of this trunk line, When this line is
made busy, ground potential is impressed upon
the control conductor Ci379, whereas; an idle
condition of the line is indicated by the absence
of any potential thereon. Assuming that the
trunk line 32 is the third line of the selected
group and that the first two trunk lines of the

~ group are busy, when the wipers 371 to 1214, in-

clusive, are driven into engagement with the con-
tacts of the contact set terminating the first

line, the above-mentioned circuit is completed

for energizing the relay RI304, this circuit ex-
tending by way of the grounded test conductor
of the selected line, the wiper 1374, RA1364,
RA1351, RAI306 and the winding of RI1304 to
battery. When energized over this circuit, the
relay R1304 operates to complete, at RA§301, a
holding circuit for itself, which holding circuit
extends from ground by way of RAI1242, C1211{,
RA1307 and the winding of R1304 to hattery.
At the end of the second digit, the line relay
R1235 is held operated and the continued de-
energization of RI335 causes the latter relay to
restore.
at RAI1337, the holding circuit for R1340. At
RA{336, the relay R1335 completes the above-
mentioned circuit for energizing the lower wind-
ing of the busy test relay R1320, which circuit
may be traced as extending from ground on the
control conductor of the first trunk line of the
selected group, by way of the wiper 1373, RA1352,
RAI1353, RAI336 and the lower winding of R1320
to battery. When its lower winding is energized
over this circuit, the relay RI330 operates to
complete, at RA1325, an obvious path for short-
circuiting the lower winding of R1340, thereby
to enhance the slow-to-release characteristic of
the last-mentioned relay. At RAI[328, the relay
R1320 opens a point in the previously traced
pulsing circuit by way of which the rotary mag-
net 1356 and the relay R1335 were energized
during the impulses of the second digit. At
RAI13271 the relay RI1320 shunts the armature
RA1353’ of the operated relay R1350, thereby to
complete a multiple path short-circuiting the
upper winding of R{200. At RAI1329, the relay
R 1320 prepares a circuit for impressing busy tone
voltage upon the calling loop circuit. At RA1323,

Upon restoring, the relay R1335 opens, *
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the relay RI1320 prepares a holding circuit for 758

63

itself. At RA(324, the relay Ri320 completes a
circuit for energizing the relay R1330, this cir-
cuit extending by way of the grounded control
conductor. of the selected trunk line, the wiper
1314, RAI364, RAI351, RAI324, the armature
{257 and the winding of RI330 to battery. The
relay R{1330 now operates to complete, at RA1332,
a holding circuit for the relay R1348, this holding
circuit extending from ground at RAI242 by way
of Ci127i, RAI332, RAI33T and the upper wind-
ing of R{340 to battery. At RA1331, the relay
R1330 completes a holding circuit for itself,
which holding circuit may be traced as extend-
ing from ground, at RAI241, by way of C1235,
RA1331, RA1324, the armature 1251 and the
winding of RI1330 fo battery. At RAI1332, the
relay R1330 completes an alternative circuit for
energizing the rotary magnet 1356, this circuit
extending from ground at RA{(242 by way of
Cl271, RA1332, RA1366 and the winding of the
magnet (356 to battery. When energized over
this alternative circuit, the magnet 1356 operates
to step the wipers of the mechanism (370 one
step or into engagement with the contacts ter-
minating the second trunk line of the selected
group. - At its armature 1257, the magnet (356
also opens a point in the common portion of the
operating and holding circuits for R1330, causing
this relay to restore. Upon restoring, the: relay
R1330 opens, at RAI332, the operating circuit
for the magnet (356, whereupon this magnet is
deenergized and the armature 1257 is restored
to reprepare the operating circuit for R1330.
Since the second trunk line of the selected group
is also assumed to be busy, the relay R1330 is
energized from ground on the control conductor
of the second trunk line immediately the arma-
ture 1251 of the rotary magnet 1356 is restored.
Hence, RI330 is caused to reoperate to again
complete, at RA1332, the alternative operating
circuit for the rotary magnet 1356, causing this
magnet to step the wipers of the switching mech-
anism 1370 a second step or into engagement
with the contacts terminating the conductors of
the trunk line 32. Since the trunk line 32 is
assumed to be idle, no further operation of the
rotary magnet 1356 occurs. It is pointed out,
however, that the interrelated operation of this
magnet and the relay RI1330 continues until an
idle trunk line of the selected group is found or
until all of the trunk lines have been iested and
found busy. If all of the trunk lines of the se-
lected group are busy, the interrelated operation
of the relay R1330 and the magnet 1356 is ar-
rested when the wipers of the mechanism 370
are stepped into engagement with the contacts
terminating the conductors of the last trunk line
in the group. This is by virtue of the arrange-
ment whereby the test conductor of the last
trunk line in the group is not connected to the
extra control contact of the contact set terminat-
ing the last trunk line. Hence, no circuit is avail-
able for causing the reoperation of the relay
R 1330 when the last trunk line is selected.
Since the relay R1330 does not reoperate when
the wipers of the switching mechanism (370 are
operated into engagement with the contacts ter-
minating the conductors of the last trunk line
of a selected group at a time when all of the
trunk lines of the group are busy, the relay R1340
restores after an interval to open the operating
circuit for the relay Ri350. Upon restoring, the
last-mentioned relay completes the above-men-
tioned holding circuit for the busy test relay
R1320, this circuit extending from ground at
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RAI281 by way of RA1212, Ci268, RAI3I3,
RAI323, RC1354, RA1353, RA1336 and the lower
winding of R{320 to battery. At RAI354’, the
relay R1350 completes the above-mentioned cir-
cuit for impressing busy tone voltage upon the
calling loop circuit, thereby to signal the oper-
ator that the desired connection.cannot be ob-
tained. The circuit traversed by the busy tone
current may be traced as extending from one
terminal of the busy lone scurce, not shown, by
way of the condenser 1254, RAI368, RA1354",
RAI329, CI1279, RAI215, the condenser {228,
RAI206, C854; the sprinns 821 and 822, RAT85,
RC186, the winding 116, {he condenser 118, the
winding 1715, RC1383, RA182, the springs 817 and
816, C853, RAI201, the condenser 1228, RAI2(H,
‘the winding of the line balancing impedance
element 1219 and the exchange battery to the
opposite terminal of the busy tone source.  The
alternating character of the current traversing
the repeating transformer windings 175 and 116
causes a corresponding induced voltage to be de-
veloped in the windings 712 and 113 so that the
receiver 501 is energized and the usual busy tone
signal is reproduced. Following the receipt of
busy tone, the operator may inform the calling
subscriber that the desired connection cannot
immediately be obtained, and initiate the release
of the connector switch illustrated in Figs. 12
and 13 in the manner described hereinafter.

In the present case, it is assumed that the
trunk line 32 is the first available idle trunk
line of the selected group. When, therefore, the
wipers of the switching -mechanism. 13710 are

operated into engagement -with the bank con-

tacts terminating the conductors of this trunk
line, no further circuit is available for energiz-
ing the relay R1330 and, hence, the interrelated
operation of this relay and the rotary magnet
1356 is arrcsted. Also, the absence of ground
potential upon thz control conductor C#379 re-
sults in the deenergization and restoration .of
the busy test relay R1320. With the relay R1330
restored, the helding circuit for the relay R1340
is held open so that this relay and the relay
RI1350 restore in the order named. When the
rclay R!350 restores, it interrupts, at RAI353’,
a point in the previously traced path short-cir-
cuiting the upper winding of R1200, permit-

ting the two windings of the relay R1200 to be !

enargizod in series over a circuit extending from
ground by way of RAI24(, RA1202 and the two
series connected windings of R1200 to battery.
The relay RI1200 now completes its operation
and, in so deing. switches the calling loop circuit
through to the trunk line 32 to cause the seizure
of the reperater illustrated in Figs. 17 and 18.
Also, the relay RI1200, upon operating, opens, at
RA{295, a point in the circuit, traced herein-
after, for energizing the release magnet 1208.
At RAI204, the relay R{280 opens a point in
the pulsing circuit, traced previously, for en-
crgizing the relay R1{335 in series with the ro-
tary magnet 1356. At RA1203, the relay RI1200
preparcs a multiple holding circuit for itself,
which circuit is traced hereinafter and com-
pleted in response to the operation of the line
and hold relays embodiasd in the seiz=d repeater
shown in Figs. 17 and 18. At RAI20f and
RAI296 and their respective associated resting
contacts. thz relay R 1200 opens two points in the
previously traced circuit over which the line
relay R#235 is being held energized, causing this
relay to restore to open, at RA1236, the operat-
ing circuit for the hold relay Ri240. The last-
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mentioned relay, upon restoring, opens, at
RAI1241, a point in the original holding circuit
for R1208. At RAI1244, the relay R1240 prepares
a point in the above-mentioned circuit for en-
ergizing the release magnet 1208. At RAI1242,
the relay R1240 opens a point in the holding cir-
cuit for RI304 causing the last-named relay to

When the calling loop circuit is switched
through to the repeater illustrated in Figs. 17
and 18, the line relay RI105 and the hold relay
RI700 are caused to operate to complete the
previously mentioned alternative holding circuit
for the switching-through relay Ri200 before
the hold relay R1240 of the operated incoming
connector switch restores in the manner just ex-
plained. More particularly, the line relay R{705
is energized in response to the operation of R1200
over a circuit which may be traced as extending
from ground at the upper terminal of the lower
winding of R1185 by way of the lower winding
of RI165, the lower winding of RIT10, RAITIS,
€380, the wiper 1312, C1278, RA {206, C854, the
¢prings 821 and 822, RA185, RC183, the winding
116, the resistor 197’, the upper winding of R199,

RA197, the winding 715, RC783, RA182, the

springs 817 and 816, C853, RAI201, CI262, the
wiper {374, Ci318, RAIT14, the upper winding
of RITI0 and the upper winding of R1705 to
battery. Upon operating, the relay R1705 com-
pletes, at RAIT06 and its associated working
contact, on obvious circuit for energizing the
slow-acting hold relay Ri700. The relay R{700,
upon opcrating, completes, at RAI170!, an obvious
path for applying ground potential to the con-
trol econductor CI1379, thereby to mark the trunk
line 32 as busy in the bank contacts of the con-
necetor switches to which this line extends.
When the conductor CI379 is connected to
ground, the above-mentioned multiple holding
circuit for RI1200 is completed, which circuit
may be traced as extending by way of C13719, the
wiper 1313, C1266, RAI1203, RAI1282 and the two
series connected windings of R1200 to battery.
The relay RI100, upon operating, prepares,
at RA1703, a circuit traced hereinafter for ener-
gizing the relay RI730. At RAI1702, the relay
RI100 completes a circuit for energizing the slow-
acting relay RI1800, this circuit extending from
ground by way of RAIT02, RAI{136, CI1183,
RA1812 and the winding of RI1800 to battery.

. When the relay R{800 operates, it prepares, at
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RAI80{, a holding circuit for the relay Ri{830;
completes, at RAI1802, a circuit extending from
ground at RAI832 for energizing the relay
R1840; completes, at RA1803, a circuit extending
from ground at RAI833 for energizing the slow-
acting relay RI1820; and prepares, at RA1804,
a circuit, traced hereinafter, for energizing the
slow-to-operate relay RI1805. The slow-acting
relay R{820, upon operating, disconnects, at its
armatures RAI821 and RAI822, the line con-
ductors C1885 and CI1886 of the trunk line 317
from the respective line terminals of the re-
peating transformer windings 878 and 1879.
The relay R1840, upon operating, connects, at its
armatures RAI1841 and RAI1843, the trunk line
conductors Ci885 and CI886 to. opposite ter-
minals of the alternating current source, not
shown but provided in the exchange B. At
RA1842, the relay R1840 completes the above-
mentioned circuit for energizing the slow-to-
operate relay R1805. After a time interval, the
last-mentioned relay operates to prepare, at
RAI806, a multiple holding circuit for R1830
and to complete, at RAI80T, an obvious circuit

X
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for energizing the relay R1810. At RA1809, the

 relay R1805 completes the above-mentioned cir-

cuit for energizing the relay R1130, this circuit
extending from ground by way of RAI1809,

- C1795, RAIT03, the winding of RIT30 and the

resistor 1131’ to battery. The relay R{810, upon
operating, prepares, at RAI18II, a point in the
operating circuit, traced hereinafter, for the
operating magnet 1112 of the minor switch 1770,
At RAI812, the relay RI810 opens a point in the
above-traced operating circuit for R1800. Sub-
stantially simultaneous with the operation of
R1810, the relay R1130 operates to open, at
RAL7136, a further point in the operating cir-

" cuit for R1800. At RAI734, RAIT3% and RA1137,

the relay R1130, upon operating, prepares oper-
ating circuits, traced hereinafter, for energiz-
ing the relays R1830, R1840 and RI1820, respec-
tively. At RAI737’, the relay RI{730 prepares
an operating circuit, traced hereinafter, for the
relay RIT12. At RAI132, the relay RI130 pre-
pares an alternative path, described hereinafter,
for maintaining ground potential upon the con-
trol conductor C1319 on the trunk line 32. At
RA1138, the relay RI730 completes a holding
circuit for itself, which holding circuit extends
from ground at RAIT5T by way of RAIT38, the
winding of Ri7130 and the resistor 1731’ to bat-
tery. At its two armatures RAIT31 and RAI139,
the relay RI1730 connects the line conductors

.C1378 and C1380 of the trunk line 32 to the line

terminals of the :two repeating transformer
windings 1874 and 1815, '

When the. operating circuit for the relay
RI800 is interrupted in response to the opera-
tion of the relays R1730 and R{810 in the man-
ner pointed out above, it restores to open, at
RAI1802, RAI803 and RAI804, respectively, the
respective operating circuits, described above, for
the relays RIi840, RI820 and RI805, causing
all of these relays to restore. When the two
relays R840 and R820 restore, the trunk line
conductors C1885 and Ci886 of the trunk line

" 81 are disconnected from the alternating cur-

rent sotirce provided in the exchange C and are
reconnected to the line terminals of the repeat-
ing transformer windings (818 and 1879. The
relay RI805, upon restoring, opens, at RAI809,
a point in the above-traced operating circuit for
the relay R1730 and opens, at RA1807, the oper-
ating circuit for RI818, causing the last-men-
tioned relay to restore. Following the restora-
tion of the relays RI810 and Ri820, the re-
peater illustrated in Figs. 17 and 18 is condi-
tioned to respond to the impulses of the line
selecting digits dialed at the operator’s position
in the exchange B and to repeat these impulses
by way of the trunk line.37 to the repeater lo-

_ cated in the exchange C, and terminating the

distant end of the trunk line. this latter repeater
being illustrated in Figs..26 and 27.

When the seizing pulse of alternating voltage
is impressed upon the conductors of the trunk
line 31 in the manner just explained, the alter-
nating current relay R2650 is energized over a
circuit which may be traced as extending from
one side of the ringing current source by way
of RAI84I.  C1885 RA263(. RA2646, the wind-

.ing 2616, the condenser 2616’, the winding of

R2650, the winding 2617, RA2647, CI1886 and
RA1843 to the opposite side of the ringing cur-
rent source. When energized over this circuit,
the alternating current relay R2650 operates to
complete, at RA2652, a circuit for energizing the
upper winding of R27T10, this circuit extending
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from ground by way of RA2652, C2689, RA2138,
RA2716 and the upper winding of R2710 to bat-
tery. When its upper winding is energized over
this circuif, the relay R2T10 partially operates
to complete, at the “X” contacts associated with
RA2114, a path for short-circuiting its lower
winding, this path extending from ground by
way of RA2114, RC2723, RA2722, the lower
winding of R2710, RA2TI8, RA2138 and C2689
back to ground at RA2652. At the end of the
seizing pulse, when the relay RI840 restores. to
disconnect the conductors of the trunk line 31
from the alternating current source provided in
the exchange B, the alternating current relay
R2650 is deencrgized and restores to open, at
RA2652, a point in the path short-circuiting the
lower winding of R2710. ' The two windings of
the last-mentioned relay are now energized in
series over a circuit extending from ground by
way of RA27T14, RC27123, RA2122 and the two
series connected windings of R2T10 to battery.
When its two windings are energized in series,
the relay R2710 completes its operation to open,
at RA2716, a point in the above-fraced circuit
for energizing its upper winding and to com-
plete, at RA2712, a path extending by way of
RA218f for applying ground to the control con-
ductor C2895, thereby to mark the repeater il-
lustrated In Figs. 26 and 27 as busy in the bank
contacts of the switching selector repeaters hav-
ing access thereto. At RA2TIi, RA2TI5 and
RA2T19, the relay R2T10 completes a loop cir-
cuit extending to the incoming connector switch
illustrated in Figs. 31 and 32, thereby to scize
the last-mentioned switch. At RA2713, the re-
lay R27T10, upon operating, prepares a path,
traced hereinafter, for short-circuiting the wind-
ing of R27130 during operation of the minor
switch 27185. At RA27I18, the relay R2110 com-
pletes a circuit for energizing the slow-to-release
relay R2605, this circuit extending from ground
by way of RA21{8, C2694, RA2601, RA2621 and
the winding of R2605 to battery. When ener-
gized over this circuit, the relay R2605 operates
to prepare, at RA2607, a holding circuit for itself
and to open, at RA2608, a point in one circuit for
energizing the relay R2640. At RA2606, the
relay R2605 prepares a circuit, traced herein-
after, for energizing the relay R2620.

The relay R2110, upon operating, also com-
pletes a circuit for energizing the upper winding
of R2700 and the lower winding of R2640 in par-
allel, one branch of this circuit extending from
ground at RA2TIT by way of the upper winding
of R2100 to battery, and the other branch of this
circuit extending from ground at RA2TI1 by way
of C2691, RA2624 and the lower winding of R2640
to battery. At this time, the lower winding of
R21700 is differentially energized with respect to
the upper winding of R2700 over the loop circuit
extending to the seized incoming @ connector
switch illustrated in Figs. 31 and 32 and, thus,
the relay R2700 does not operate. The relay
R2640, however, operates to open, at RA2642, a
point in the circuit, traced hereinafter, for ener-
gizing the relay R2630 and to open, at RA2641, a
point in the circuit, traced hereinafter, for ener-
gizing the release magnet 2188 of the minor
switch 2185. At RA2643, the relay R2640 opens
a point in the operating circuit for the slow-act-
ing relay R2645 and prepares a point in the op-
erating circuit for the slow-to-operate relay
R2660. At RA2641 and its associated working
contact, the relay R2640 prepares a holding cir-
cuit for itself and a circuit, traced hereinafter,
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for energizing the operating magnet 2187 of the
minor switch 2785. At RA2642 and its associated
working contact, the relay R2640 completes a cir-
cuit extending by way of RA2651 for enhergizing
the slow-acting relay R2610, thereby to initiate
the cyclic operation of the three relays R2610,
R2660 and R2655 which respectively correspond
to the relays R1100, RI1105 and RIi10 embodied
in the repeater illustrated in Figs. 10 and 11.

More particularly, when the relay R2610 oper- |

ates, it completes, at RA2674, the above-men-
tioned operating circuit for R2660, which circuit
.extends from ground at RA2643 by way of RA2674
and the winding of R2660 to battery. The relay
R2669, upon operating, completes, at RA2662, the
operating circuit for R2655, which latter relay,
upon operating, opens, at RA2657, the operating
circuit for R2670. The relay R2610, upon restor-
ing, causes the sequential restoration of R2660
and R2655, the last-mentioned of which, upon
falling back, recompletes the operating circuit
for R26710. During each cycle of operation of the
three relays noted and when R2655 operates, the
above-mentioned circuit is completed for ener-
gizing the operating magnet 2787 of the minor
switch 2185, this circuit extending from ground
at RA28641 by way of RA2656, C2678 and the
winding of the magnet 2787 to battery. Each
time the magnet 2181 is energized, it cooperates

with its associated ratchet and pawl mechanism, !

not shown, to step the wiper 2786 of the minor
switch 2785 one step in a clockwise direction:so
that this wiper is successively moved into engage-
ment with succeeding contacts of the contact

field embodied in the minor switch. The pur- o

pose of the arrangement just described is to cause
the forced release of the partially operated switch
train in the event the dialing operation at the
calling station is not started within a predeter-
mined time interval. The manner in which this
release operation is performed is explained in a
succeeding portion of the specification. It is
pointed out here, however, that the forced release
of the partially completed connection is not ini-
tiated until the wiper 2786 of the switch 2785
is operated to its ninth off-normal position, and
the time interval required for operation of this
wiper to the position noted is amply sufficient to
permit the calling party to start the dialing op-
eration.

As pointed out above, when the relay R2710
operates, a loop circuit is completed by way of
the trunk line 61 to the incoming connector
switch illustrated in Figs. 31 and 32, thereby to

cause - the seizure of this: connector switch. -

More particularly, when R2710 operates, the line
relay R3125 embodied in the incoming connector
switch is energized over a circuit which may be
traced as extending from ground at the lower
terminal of the lower winding of R3125 by way
of this winding, the lower winding of R3120,
RC3116, RA3I15, RA3105, C2891, RA21I9, C2695,
the winding 2619, C2684, the resistor 270f’, the
lower winding of R2700, RA21i5, C2686, RA2613,
the winding 2618, C2615, RA2T11, C2890, RA3102,
RA3112, RC3113, the upper winding of R3120
and the upper. winding of R3125 to battery. It
will be noted that the two windings of R3120 are
energized over the circuit just traced. Since
these windings are differentially connected, how-
ever, the relay R3120 does not operate at this
time. The line relay R3{25, however, operates
when energized over the loop circuit as traced
above and completes, at RA3126, a circuit ex-
tending from ground at RA3103 for energizing

Tt
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the slow-acting hold relay R3i30. The relay
R3130, upon operating, completes, at RA3131, a
path extending from ground at RA3236 and by
way of C3111 for applying ground potential upon
the ringing and tone apparatus start conductor
C3131’, thereby to initiate the operation of the
ringing and tone apparatus provided in the ex-
change C in the usual manner. At RA3132 the
relay R3130 completes an obvious circuit for en-
ergizing the slave relay R3140. When the relay
R3140 operates it prepares, at RA314i, a point in
the common portion of the holding circuits,
traced hereinafter, for the relays R3150, R3235
and R3240. At RA3i{43, the relay R3140 pre-
pares a circuit for energizing the slow-acting
relay R3160 in parallel with the lower winding
of R3110 and the operating magnet 3257 of the
rotary switch 3250. At RA3142, the relay R3140
prepares a further point in the circuit for ener-
gizing the operating magnet 3257 of the line se-
lecting rotary switch 3258, Following the opera-
tion of the relay R340, the incoming connector

. switch illustrated in Figs. 31 and 32 is condi-
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tioned to respond to the impulses of the third
line selecting digit dialed at the operator’s posi-
tion in the exchange B.

During operation of the calling device 508 to
transmit, the impulses of the third digit, the relay
R180 operates, in the manner explained previous-
ly, to include the impulsing springs 510 of the
calling device in the loop circuit which is now
switchad through to the repeater illustrated in
Figs. 17 and 18. During the back stroke of the
dial embodied in the calling device 508, the im-
pulsing springs are opened a number of times
determined by the number of impulses in the
digit. Each time these springs are opened the
loop circuit extending to the last-mentioned re-
peater is interrupted and, thus, the line relay
R 1705 1s caused to follow the dial impulses. More
particularly, the line relay R1705 restores during
the open circuit period of each impulse to com-
plete, at RAIT0T, an alternative circuit for ener-
gizing the slow-acting relay R1820, this circuit
extending from ground by way of RAIT0T,
RAI131, C1184 and the winding of R1820 to bat-
tery. ‘The relay R1820 onerates at the beginning
of the first impulse and, due to its slow-to-re-
lease characteristlic, remains operated until short-
Iy after the digit is ended. This relay, upon op-
erating, disconnects, at its armatures RA1821 and
RA1822, the line conductors C1885 and C1886 of
the trunk line 37 from the line terminals of the
repeating transformer windings (818 and (879.
At RAIT06 and its associated working contact,
the relay R1105, upon restoring, opens the op-
erating circuit for the hold relay RI1760. but the
last-mentioned relay, due to its slow-to-release
characteristic, remains operated during impuls-
ing. At RAIT06 and its associated resting con-
tact, the relay R1705 completes an alternative cir-
cuit for energizing the relay R1840, which circuit
may be traced as extending from ground by way
of RAIT05, RAIT135, Cl181 and the winding of
R840 to batiery. Upon operating, the relay
R840 connects, at its armatures RA{841 and
RA1843, the line conductors C1885 and Ci886 of
the trunk line 37 to the opposite terminals of the
alternating current source provided in the ex-
change B. Obviously, at the end of the open cir-
cuit period of each impulse, when the line relay
R 17105 reoperates, the above-traced operating cir-
cuit for the pulsing relay R1840 is interrupted,
causing the last-mentioned relay to restore to dis-
connect the conductors of the trunk line 37 from

W
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the alternating current source. 'Thus, the line
relay RI1705 and the pulsing relay R{840 co-
operate to cause the dialed impulses of the third
and succeeding digits dialed at the operator’s po-
sition- to be rep=sated as alternating current im-
pulses over the trunk line 37 to the repeater il-
lustrated in Figs. 26 and. 27 and located in the
exchange C. As explained above, at the end of

‘each digit and when the shunt springs 509 of the

calling device 508 provided at the operator’s po-
sition are opened, the slow-acting relay R540
restores to open the previously traced operating
circuit for R180, which latter relay, upon restor-
ing, reconnects the outgoing line terminals of the
repeating transformer 17t to the line conductors
of the link line 832. Also, at the end of each
digit, the line relay R1705 embodied in the re-
peater illustrated in Figs. 17 and 18 remains op-

" erated to hold ‘nterrupted the operating circuits

for R1820 and R (840, causing the two last-men-
tioned relays to restore so that the line con-
ductors of the trunk line 37 are disconnected
from the alternating current source provided in
the exchange B and are reconnected to the out-
going line terminals of the repeating transformer
1813.

The alternating current relay R2650 responds:

to the alternating current impulses transmitted
by way of the trunk line 31 to the repeater illus-
trated in Figs. 26 and 27 and causes the impulses
to be repeated to the incoming connector switch

‘illustrated in Figs. 31 and 32. More particularly,

during the open circuit period of the first impulse
when the first pulse of -alternating current is
projected over the trunk line 37, the relay R2650
operates to -complete, at RA2652, a circuit for
energizing the lower winding of the relay R2600
in parallel with the winding of the slow-acting
relay R2705. This circuit extends from ground

" by way of RA2652, C2689, RA2138, RA2116 and

C2688 to RA26i4 where it divides, one branch
extending through the lower winding of R2608 to
battery, and the second branch extending by way
of 2681 and the winding of R2705 to battery.
The relay R271085 now operates and, due to its
slow-to-release characteristic, remains operated
throughout the series of impulses. At RA2707,
the relay R2115 completes a path, including the
conductor C268f and the line conductor C2875,

" for short-circuiting the repeating transformer

winding 2618. Similarly, at RA2108, the relay
R2105 completes a path including the conductor
C2685 for shunting the series path including the
transformer winding 2619. the resistor 2701’ and
the lower winding of R2700. By completing the
two short-circuiting paths just described, the
slow-acting relay R2105 clears the loop circuit
extending to the incoming connector switch illus-

‘trated in Figs. 31 and 32 of all unnecessary im-

pedances and provides a low resistance pulsing
circuit.

When its lower winding is energized over the
cireuit just traced, the relay R2600 operates to
prepare, at RA2603, a circuit for energizing its
upper winding and to complete, at RA2602, a
path for short-circuiting the lower winding of
R2610, which path may be traced as extending
from ground at RA27I8, by way of C2694,
RA2602, the lower winding of R2600, RA2614,
C2688, RA2116. RA2138 and C2689 back to ground
at RA2652. At RA2601, the relay R2600 opens a
point in the previously traced operating circuit
for R2605 and completes a circuit for energizing
the relay R2620, this latter circuil extending from
ground at RA2T18 by way of C2694, RA260I,

o«

RA2606 and the winding of R2620 to battery.
Upon operating, the relay R2620 compleies, at

- RA2622, a holding circuit for itself, which circuit

extends from ground at RA2T(8 by way of C2694,
RA2622 and the winding of R2620 to battery. At
RA2621, the relay R2620 opens a further point in

- the previously traced operating circuit for the
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relay R2605. At RA2623 the relay R2620 pre-
pares a further point in the holding circuit for
the relay R2605. At RA2624, the relay R2620 in-
terrupts the previously traced operating circuit
for R2640, permitting the last-named relay to re-
store at the end of the cycle of cperation of the
three relays R2655, R2660 and R2670 which is in
progress at the time the relay R2620 operates.
When the relay R2640 resftores, it. opens,- at
RA2642 and RA2643, respectively, points in the
respective operating circuits for the relays R2670
and R2660. At RA2641 and its associated work- -
ing contact, the relay R2640 opens a further
point in its own holding circuit and opens a point
in the circuit for energizing the operating mag-
net 2787 of the minor switch 2785. At RA2641
and its associated resting contact, the relay
R2640, upon restoring, completes a circuit for en-
ergizing the release magnet 2788 of the minor
switch 2785, which circuit may be traced as ex-
tending from ground by way of RA2641, C2683,
the off-normal springs 2189 and the winding of
the magnet 2188 to battery. The resulting oper-
ation of the release magnet 2788 causes the wiper
2186 to be restored to its home position in the

‘usual manner, at which time the springs 2789 are

opened to interrupt the operating circuit for the
release magnet. Prom the foregoing description
it will be apparent that, if the first impulse of
the third series of impulses dialed at the oper-
ator’s position in the excharige B is transmitted
to the repeater illustrated in Figs. 26 and 27, be-
fore the wiper 2186 is driven to its off-normal po-
sition, the operation of the minor switch 2785 is
arrested to prevent the partially established con-
nection from being forcibly released.

At the end of the open circuit period of the
first impulse dialed at the operator’s position in
the exchange B, the alternating current source
provided in this exchange is disconnected from
the conductors of the trunk line 37 and the al-
ternating current relay R2650 restores to com-
plete the above-mentioned holding cirzuit for the
relay R2605, this circuit extending from ground
2t RA2652 by way of RA2623, RA2607 and the
winding of R2605 to battery. Due to its slow-to-
release characteristic the relay R2605 remains
operated during operation of the relay R2650 to
follow the alternating current pulses transmit-
ted thereto. At RA2652 and its associated work-
ing contact, the relay R2650 opens a point in the
operating circuit for R2600 and intcrrupts the
above-traced path short-circuiting the lower
winding of R2610. The lower winding of the
relay R2610 is now energized in series with the
lower winding of R2600 over a circuit which may
be traced as exiending from ground at RA2T(8
by way of C2694, RA2602, the lower winding of
R2610 and the lower winding of R2600 to battery.
When its lower winding is energized over the cir-
cuitb just traced, the relay R2610 operates to open,
at RA2614, a further point in the above-traced
operating circuit for the two relays R2600 and
R2105 and to complete, at RA26i2 an obvious
path for short-eircuiting its upper winding,
thereby to render itself slow to release. - At
RA2613, the relay R2610, upon operating, opens
a point in the loop circuit extending to the in-
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coming connector switch illustrated in Figs. 31
and 32. Thus, the open circuit period of the first
impulse is repeated by the relay R2610 to the
seized incoming connector switch. At RA26iI,
_the relay R2610 completes the above-mentioned
and obvious circuit for energizing the upper
winding of R2680. The two windings of R2632
‘are differentially wound so that, when the upper
winding thereof is energized over the circuit just
described, the relay R2600 restores to open, at
RA2602, a point in the circuit traced above for
-energizing the lower winding of R2610 in series
with the winding of R2600. At RA2603, the re-
lay R2600, upon restoring, opens & point in the
circuit for energizing its upper winding. At
RA?2601, the relay R2600 opens a point in the
previously traced operating circuit for R2620 and
prepares a point in the previously traced operat-
ing circuit for the slow-to-release relay R2605.
A short time interval after the interruption of
its operating circuit, the relay R2610 restores to
recomplete, at RA2613, the loop circuit extend-
ing to the incoming connector switch illustrated
in Figs. 31 and 32. At RA2614, the rclay R2610
reprepares the operating circuit for the two re-
lays R2600 and R2705. At RA26II, the relay
R2610 opens a further point in the circuit de-
scribed above for energizing ihe upper winding
of R2600 and, at RA2612, it opens a point in the
path short-circuiting its upper winding.

During each succeeding impulse the three re-
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ditional digits dialed at the operator’s position
and transmitted to this repeater. At the end of
each digit, the relay R2650 remains in its re-
stored position to hold the previously traced hold-
ing circuit for R2605 completed. With the relay
R2650 in its restored position, the operating cir-
cuit for R2705 is held open at the restored arma-
ture RA2652. Hence, the relay R2705 is caused
to restore shortly following the end of each digit
to open, at RA2707 and RA2108, the two short-
circuiting paths traced previously, namely, the
path for short-circuiting the transformer winding
2618 and the path for short-circuiting the trans-
former winding 2519 in series with the resistor
2101’ and the lower winding of R2700.

The incoming connector switch illusirated in
Figs. 31 and 32 responds to the impulses repeated
therelo by way of the repeater shown in Figs. 26
and 27 by selecting the desired line. In this re-
gard it is pointed out that the incoming con-
nector switch of Figs. 31 and 32 is arranged to

. provide switching-through service on trunk calls

lays R2650, R2600 and R2610 interact in the -

manner just described to cause the impulse to
be repeated to the succeeding incoming con-
nector switch. Thus, at the beginning of the
open circuit period of the .second impulse, the
alternating current relay R2650 is again ener-
gized and operates to complete the previously
traced operating circuit for the two relays R2600
and R2705. The relay R2600, upon operating,
short-circuits the lower winding of R2610 and, in

40

so doing, prepares the circuit for energizing its -

own lower winding in series with the lower wind-
ing of R2610. At the end of the open circuit

period of the second impulse, when the relay .

R2650 again restores, the short circuit is removed
from the lower winding of R2610 and the last-
mentioned relay operates to again open the loop
circuit extending to the succeeding inceming con-
nector switch. Also, the relay R2610 recompletes
the circuit for energizing the upper winding of
R2600, causing the relay R2600 to restore and
open the operating circuit for R2610. After an
interval determined by the slow-to-release char-

acteristic of R2610, this relay again restores to =

recomplete the loop circuit extending to the suc-
ceeding incoming cennector switch. It will be
noted that the duration of the open circuit period
of each impulse transmitted through operaticn
of R2610 to the tandem-connected incoming con-
nector switch of Figs. 31 and 32 is, within limits,
independent of the period of the corresponding
alternating current pulse transmitted by way of
the trunk line 37 to the repeater shown in Figs.
26 and 27. Thus, when once operated, the ex-
tent of the period during which R26{0 remains
operated is determined primarily by the slow-to-
release characteristic of this relay rather than by
the period during which R2659 is restored.

Although the operation of the impulse repeat- T

ing relays embodied in the repeater illustrated in
Figs. 26 and 27 has been described with reference
to the impulses of the first digit, it will be under-
stood that this relay equipment operates in ex-
actly the same manner during the impulses of ad-
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routed by way of this switch and also for differ-
ent modes of operation, depending upon whether
a called subscriber’s line is of the muiltiplex type
or of the single party or duplex type. In the il-
lustrated arrangement, the first set of contacts in
the bank contact field of the rotary switch 3250
is utilized to terminate the trunk line 64 extend-
ing to the repeater 51 by way of which connec-
tions are routed to the switching ‘equipment pro-
vided in the exchange D and the remaining con-
tact sets are divided into three groups for ter-
minating ‘three different groups of lines. The
second contact set of the bank contact field em-~
bodied in the rotary switch 3250 is reserved as a
preliminary or starting position for the selection
of subscribers’ lines in the first group of lines.
The lines of this first group are terminated at
the contact sets numbered from 3 to 8, inclusive,
of the rotary switch contact field and the ninth
set of contacts is reserved as the preliminary or
starting position for the selection of lines in the
second group. The lines of this second group are
terminated at the contact sets numbered from 10
to. 19, inclusive, in the rotary switch contact ficld.
The twentieth contact set of the contact field is
reserved as the preliminary or starting position
for the selection of the subscribers’ lines forming
the third group accessible to the incoming con-
nector switch. The lines of this third group are
terminated at the contacts forming the contact
sets numbered from 21 to 25, inclusive, of the con~
tact field, and the twenty-fifth contact set rep-
resents the home position of the switch. With
the bank contact wiring arrangement just de-
scribed, it will be apparent that, to select the trunk
line 64 extending to the repeater 57, it is only
necessary to transmit to the incoming connector
switch a single impulse in order that the desired
line shall be selected. In order to select a sub-
scriber’s line in the first group, a first series of
two impulses followed by 2 second series of from
one to six impulses, depending upon the line being

5 called, must be transmitted to the incoming con-

nector switch. If the desired line is in the sec-
ond group of subscribers’ lines, a first series of
three to nine impulses followed by a second series
of from one to ten impulses must be transmitted
to the incoming connector switch for the purpose
of causing the wipers of the rotary switch 3250
to be operated into engagement with the contacts
terminating the desired line. In order to select
a line in the third group of lines, a first series of
ten impulses followed by a second series of from
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one to five impulses, depending upon the line be-
ing called, are required to cause the desired line
selection to be performed on the part of the in-
coming connector switch. In the present case, if
it be assumed that the substation Ts associated
with the line 60 is the substation desired by the
calling party at the substation Ti, and further
that the line 60 is the third line in the first group
of subscribers’ lines, the third and fourth digits
dialed at the operator’s position in the exchange B
will necessarily comprise two and three impulses,
respectively. During the open circuit period of
each impulse transmitted to the incoming con-
nector switch, the line relay R3125 restores to
complete the previously mentioned circuit for en-
ergizing the relay R3160 in parallel with the lower

-. winding of R3110 and the operating magnet 3251

of the rotary switch 3250. This circuit extends
from ground at RA3(03 by way of RAS3I26,
RA3143, C3190 and RA3203 to C3189 where it di-
vides, one branch extending through the wind-
ing of R3160 to battery, a second branch extend-
ing through the lower winding of R3170 to bat-
tery, and a third branch extending by way of
RA3142, RA3121, C3182, RA3246 and the winding
of the magnet 3257 to battery. At the end of the
open circuit period of each impulse when the line

" relay R3125 reoperates, the circuit just traced is

interrupted at RA3126. At the beginning of the
first series of impulses, the relay R3160 operates
and, due to its slow-to-release characteristic, re-
mains operated until the impulse series is ended.

Upon operating, the relay R3160 completes, at-

RA3161, an obvious circuit for energizing the
slow-to-release relay R3165 in parallel with the
upper winding of R3170. At RA3162, the relay
R3160 completes a multiple circuit for maintain-
ing the relays R3160 and R3110 operated during
the first series of impulses transmitted to the in-
coming connector switch and for transmitting the
impulses to the operating magnet 3257 of the ro-
tary switch 3250. The relay R3168, upon operat-
ing, prepares, at RA3166 and RA3167, an operat-
ing circuit traced hereinafter for the busy test
relay R3200. At RA31Ti and RC3112, the relay
R3170, upon operating, applies ground potential
to the test conductor C3195 and, in so doing, com-
pletes a circuit for energizing the lower winding
of R3150 in series with the winding of R3155.
This circuit extends from ground at RA3141 by
way of C3118, RA3244, C3181, RA3IT2, RA3ITI,
C3195, the test wiper 3255, the twenty-fifth con-
tact of the set 3216, C3197, RA31588, the lower
winding of R3150 and the winding of R3185 to
battery. Upon operating, the relay R3155 com-
pletes a holding circuit for itself and then inter-
rupts, at RA3158 and its associated resting con-
tact, its own operating circuit as traced above.
The holding circuit for R3155 may be traced as
extending from ground at RA3(4l by way of
C3179, RA3244, C3187, RA3{T2, RA3ITI, RA3I59,
RA3158, the lower winding of R3150 and the
winding of R3155 to battery. At RA3156, the re-
lay R3155 opens a point in the circuit, traced here-
inafter, for energizing the slow-to-operate line
switching relay R3240. At RA3151, the relay
R3155 prepares a second circuit, traced herein-
after, for energizing the operating magnet 3257 of
the rotary switch 3250. When its lower winding
is energized in series with the winding of R3155,
the relay R3150 partially operates to complete, at
the “X* contacts associated with RA3152, a cir-
cuit extending from ground at RA314( for ener-
gizing its upper winding. When its upper wind-
ing is energized, the relay R3150 completes its
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operation to prepare, at RA316{, a point in the.
above-mentioned circuit for energizing the line
switching relay R3240.

At the end of the open circuit period of each
impulse transmittcd to the incoming connector
switch of Figs. 31 and 32, the line relay R3125 is
caused to reoperate to open the above-traced cir-
cuit for energizing the operating magnet 3257 of
the rotary switch 3250. As a conséquence, the
ratchet. and pawl mechanism associated with this
magnet operates to advance the wipers 3251 to
3256, inclusive, one step during the closed circuit
period of each impulse.  Hence, at the conclu-
sion of the first series of two impulses transmitted
to the incoming connector switch illustrated in
Figs. 31 and 32, the enumerated wipers are lefi
standing in engagement with their respective
associated second contacts., During the inter-
digit pause between the two series of impulses
transmitted to the incoming connector switch, the
line relay R3125 remains operated to hold inter-
rupted the above-traced circuit for energizing the
winding of R3160, the lower winding of R3110 and
the winding of the magnet 3251 in parallel, caus-
ing the relay R3160 to restore. Upon restoring,
the relay R3160 opens, at RA3161, a.-point in the
holding circuit for R3170 and & point in the oper-
ating circuit for R3165. The relay R3170, upon
restoring, opens, at RA31TI and RA3112, a point
in the holding circuit for R315§5, which latter re-

- lay now restores to reprepare, at RA3156, a point
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in the operating circuit for the line switching re-
lay R3240. This circuit is further prepared at
RA3166 and its associated resting contact in re-
sponse to the restoration of R3165. .

The line relay R3125 follows the impulses o
the second series of impulses transmitted to the
incoming connector switch in the exact manne.
described above. At the beginning of the first
impulse of this second series, the three relays
R3160, R3165 and R3170 are all caused to re-
operate in the manner explained previously and
remain operated until shortly following the end
of the last impulse of the series. The relay
R3160; upon reoperating, recompletes, at RA316Z,
the shunt around the armature RA3203 of the
busy test relay R3200, thereby to prevent the im-
pulsing circuit from being interrupted in response
to the operation of the relay R3200 as the wipers
of the rotary switch 3250 pass over the contacts
terminating the control conductors of busy lines.
At RA3166 and RA31617, the relay R3165 prepares
a test circuit, traced hereinafter, for energizing
the busy relay R3200. During the open circuit
period of each impulse, the operating magnet 3251
of the rotary switch 3250 is energized over the
impulsing circuit traced previously, this magnet
being deenergized at the end of each open circuit
period, thereby to cause the wipers of the switch
3250 to be advanced at the rate of one step for
each impulse. At the end of the second series
of impulses, the wipers of the switch 3258 are left
standing in engagement with the contacts ter-
minating the conductors of the desired called
line. In the present assumed case wherein the
called line 60 is the third line of the first group
of lines and the second series of impulses trans-
mitted to the incoming connector switch com-
prises three impulses, the wipers of the switch
3250 are left standing in engagement with their
respective associated fifth contacts.

The relay operations which occur following the
selection of the called line in the manner just de-
scribed depend upon the idle or busy condition of
the line. Before describing these relay operg-
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tions, however, and in order to complete the de-
seription of the operation of the incoming con-
neelor switch shown in Figs. 31 and 32, the oper-
alion of this switch to select a line in each of the
other two line groups will be briefly considered.
If the desired called line is included in the second
group of subscribers’ lines the wipers 3251 to
3256, inclusive, of the switch 3250 are caused to be
driven over the contacts terminating the lines of
the first group during the interdigit pause be-
tween the first and second series of impulses
transmitted to the switch. Thus, if the desired
line is included in the second group of lines, such
that the first series of impulses transmitted to the
incoming connector switch is made up of three
impulses, the wipers of the switch 3250 are left
standing in engagement with their respective as-
sociated third contacts at the end of the first im-
pulse series. With the wipers in this position, a
multiple holding circuit is completed for main-
taining the relay R3155 operated, which holding
circuit may be traced as extending from ground
at the third contact of the contact set 3216 by
way of the test wiper 3255, C3195, RA3159,
RA3158, the lower winding of R3156 and the
winding of R3(55 to battery. With the last-
mentioned relay operated and when the three re-
lays R3160, R3165 and R3170 are caused to re-
store during the interdigit period in the manner
explained above, the above-mentioned circuit is
completed for energizing the operating magnet
3257 by way of the circuit interrupting contacts
associated with the armature 3258. This circuit
may be traced as extending from ground by way
of the multipled third to eighth contacts of the
set 3216, the test wiper 3255, C3195, RA3ITI and
its asscciated resting contact, RA3157, C3194, the
armature 3258, and the winding of .the magnet
3257 to battery. Due to the circuit-interrupting
acticn of the armature 3258, the magnet 3257 is
repeatedly energized over the circuit just traced
to drive the wipers of the switch 3250 until the
operating circuit for the magnet 3257 is inter-
rupted at the test wiper 3255. This occurs when
the wiper 3255 is operated into engagement with
the open-circuited ninth contact of the contact
set 3276. When the wiper 3255 is disconnected
from ground, the above-~traced holding circuit for
R3255 is interrupted causing this relay to restore.
From the foregoing description, it will be appar-
ent that, if a first series of threc impulses 1s
transmitted to the incoming connector switch
illustrated in Figs. 31 and 32, the wipers 3251 to
3256, inclusive, will be advanced into engagement
with their respective associated ninth contacts
before the fourth digit is dialed at the operator’s
position in the exchange B. The manner in
which the incoming connector switch responds to
the impulses of the second series of impulses
trasmitted thereto is exactly the same irrespcctive
of which line group is selected. ]

If the desired called line is included in the
third line group, namely, the lines terminating
in the bank contact field of the switch 3250 at
the contact sets, numbered from 2 to 25, in-
clusive, the first series of impulses transmitted
to the incoming connector switch will neces-
sarily comprise ten impulses so that, during the
impulses of the first series, the wipers of the
switch 3250 are advanced to the tenth off-
normal position. When the wiper 3255 en-
counters the tenth contact of the set 3216, the
above-traced alternative holding circuit for the
relay R3155 is completed and the circuit for
energizing the magnet 3257 by way of the cir-
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cuit interrupting confacts -associated with the
armature 3258 is again prepared, since the tenth
to nineteenth contacts of the sct 3276 are also
multipled together and connected to ground.
With the wipers standing in thi$ position, the
circult for energizing the magnet 3257 is com-
pleted in response to the restoration of the re-
lay R3118 during the interdigit pause between
the third and fourth digits dialed at the opera-
tor's position. The resulting repeated energiza-
tion of the magnet 3287 causes the wipers of
vhe switch 3250 to be advanced into engagement
with their respective associated twentieth con-
tacts, at which time the wiper 3255 is discon-
nected from ground to open the alternative
holding circuit for R3155 and the operating cir-

-cuit for the magnet 3251. Here again, the man-

ner in which the switch responds to the im-
pulses of the second series following the selec-
tion of the third line group is exactly the same
as explained previously with reference to the
selection of the line 60.

Considering now the operation of the incom-
ing connector switch when the selected called
line 60 is idle at the time the wipers of the
switch 3250 are operated into engagement with

~ the contacts terminating the conductors thereof,

it is pointed out that an idle condition of the
line is indicated by the presence of battery
potential upon the control conductor 3482
thereof. On the other hand, when this line is
busy, ground potential is impressed upon the
control conductor C3482 by certain of the relays
embodied in the line circuit associated with the
line. " Assuming that the line is idle, a circuit
is completed for energizing the lower winding of
the slow-to-operate line switching relay R3240
shortly following the conclusion of the second
series of impulses transmitted to the incoming
connector switch or the fourth digit dialed at
the operator’s position in the exchange B. More
particularly, when the three relays R3160,
R3165 and R3170 restore shortly following the
last impulse of the fourth digit in the manner
explained previously, the relay R3240 is ener-
gized over a circuit which may be traced as ex-
tending from ground at RA314] by way of
RA3151, C3180, RA3201, the lower winding of
R3240, C3181, RA3166, RA3156, C3184, the wiper
3253, C3482, RA3422 and the winding of R3440
to battery. When energized over this circuit, the
relay R3240 operates to complete, at RA3245,
a holding circuit for itself, this holding circuit
extending from ground at RA3i41 by way of
C3179, RA3245 and the upper winding of R3240
to battery. At RA3244, the relay R3240, upon
operating, completes a path for impressing
ground potential upon the control conductor
C3482, thereby to mark the line 60 as busy and
to prevent this line from being seized by another
of the numerical switches provided in the ex-
change C. The last-mentioned path extends
from ground at RA3141 by way of C3119, RA3244
and the wiper 3253 to the control conductor
C3482. At RA3246, the relay R3240 opens a
point in the above-traced circuit for energizing
the operating magnet 3257 of the rotary switch
3250. At RA3241, the relay R3240 opens a point
in the circuit, traced hereinafter, for impressing
busy tone voltage upon the established com-
munication circuit extending to the operator’s
position in the exchange B. At RA3243, the re-
lay R3240 prepares a circult, traced hercinafter,
for cnergizing the switching-through relay
R3100, this circuit being held open at the wiper
3252 due to the fact that the contact of the con-
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tact set 3213 which corresponds to the line 60
is left unwired. At RA324f, RA3242 and

. RA3248, the relay R3240 completes a circuit for

projecting ringing current over the called line
to energize the signal device provided at the

- called substation Ts and also a circuit for pro-

jecting ring-back tone current back over the
communication circuit extending to the opera-
tor’s telephone set in the exchange B. The cir-
cuit traversed by the rihging current may be
traced as extending from one terminal of the
ring current source, not shown, by way of the
winding of the slow-acting. ring cut-off relay
R3230, RA3226, RA3231, C3i14, RA3I10I, C3115,
C3481, RA3451, the
pulsing springs embodied in the calling device

3493, the springs 3456 and 3455, the condenser.

3491, the windings of the ringer 3460, ground,
and the exchange battery back to the opposite
terminal of the ringing current source. The
resulting operation of the ringer 3460 indicates
to the called subscriber at the substation Ts that
an incoming call should be answered. The un-
grounded terminal of the ringing current source
is effectively connected to the trunk line con-
ductor C2890 over a path including the wind-
ing of R3230, RA3226, RA3242, the condenser
3284, C3(16, the condenser 3154’ and RA3102,
whereby the usual ring-back tone signal is
transmitted to the operator located at the opera-
tor’s position in the exchange B. :

. When ground potential is impressed upon the
control conductor C3482, the cut-off and lock-
out relays R3440 and R3430, respectively, are
caused to operate in the order named.. The cut-
off relay R3440, upon operating, disconnects the
windings of the line relay R3400 from the con-
ductors of the line 60 and completes at RA3444
a path for impressing ground potential upon the
control conductor C3487. The lockout relay
R3430, upon operating, opens, at RA3432, g point
in the previously traced path for impressing

-ground potential upon the distributor start con-

ductor C3433 and prepares a point in its own
holding circuit.

.The manner in which the duplex lines extend-
ing to the exchange are terminated in the bank
contacts of the numerical switches provided in
the exchange C is identical with the mode of
terminating subscribers’ lines of the duplex type
in the numerical switches located in the exchange
B. Thus, the duplex line 60 is terminated at
two sets of contacts in the bank contact field of
the rotary switch 3250, the line conductors C3481
and C3483 being reversely connected in the re-
spective two contact sets. Hence, selection of
the substations Ts5 and Te associated with the
line 66 is accomplished by dialing different units
digits, each corresponding to the line 60 but des-
ignating different ones of the two enumerated
substations. For example, if the substation Ts
is the called substation rather than the substa-
tion Ts, a different units digit is dialed at the
operator’s position so that the wipers of the
switch 3250 are operated into engagement with
the sccond set of contacts terminating the line
60. In this latter case, the wiper 325( is left
standing in engagement with the contact termi-
nating the line conductor C3483 rather than the
line conductor C3481 so that, during the ringing
operation, ringing current is conducted by way of
’C‘3483, RA34171, the pulsing springs of the calling
device 3494, the springs 3476. and 3475, the con-
denser 3492, and the windings of the signal de-
vice 3480 to energize this signal device rather
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than by way of the windings of the signal device
3460 provided at the substation Ts.

To answer the call as routed to the substation
Ts, the called subscriber lifts the receiver 3458
from its supporting hook, thereby to operate the
springs 3455 and 3456 out of engagement and to
move the hook switch arm 3457 into engagement
with the associated contact 3456. When the last-
mentioned operation is performed, a circuit is
completed for energizing the slow-to-release lock-
out relay R3470 in series with the slow-acting
ring cut-off relay R3230, this circuit extending
from ground at RC3413 by way of RA3472, the
winding of R3410, the transmitter 3459, the re-
ceiver 3458, the hook switch arm 3457, the con-
tact 3456, the pulsing springs of the calling de-
vice 3493, RA3451, C3481, the wiper 3251, RA3241,
C3115, RA310(, C3174, RA3231, RA3226 and the
winding of R3230 to battery. The relay R3470
operates when energized over the circuit just
traced and, upon operaling, completes an alter-
native circuit for energizing its winding in series
with the winding of R3230. This alternative cir-
cuit may be traced as extending from ground at
RA3228 by way of RA3239’, C3196, RA3106,
C3199, RA3248, the wiper 3256, C3483, RA347I,
RA3412, the winding of R3410, the transmitter
3459, the receiver 3458, the hook switch arm
3457, the spring 3456, the pulsing springs of the
calling device 3493, RA3451, C348(, the wiper
3251, RA3241, C3115 RA3101, C3114, RA3231,
RA3226 and the winding of R3230 to battery.
When energized over the circuit just traced, the
relay R3230 operates to complete, at RA323(, an
obvious circuit for energizing the relay R3235.
The last-mentioned relay, upon operating, com-
pletes, at RA3238, a holding circuit for itself,
which holding circuit may be traced as extending
ifrom ground at RA314{ by way of C3119, RA3238
and the winding of R3235 to battery. At RA3239,
the relay R3235 opens a point in the circuit,
traced hereinafter,” for energizing the relay
R3225. At RA3236, the relay R3235 opens a
point in the path; traced above, for applying
ground potential to the ringing and tone appa-
ratus start conductor C3(31’. At RA3231, the
relay R3235 opens a point in the above-traced
circuits traversed by the ringing and ring-back
tone currents and also a point in the above-
traced operating circuit for the ring cut-off relay
R3230, causing the last-mentioned relay to re-
store. At RA3231 and RA3239’ and their re-
spective associated working contacts, the relay
R3235 completes a circuit for energizing the
windings of R31(0, R3470 and the impedance ele-
ment 3216 in series, which circuit may be traced
as extending from ground at the upper terminal
of the winding R3110 by way of this winding,
C3198’, RA3215, RA3239’, C3196, RA3106, C3199,
RA3248, the wiper 3256, C3483, RA3471, RA3412,
the winding of R3410, the transmitter 3459, the
receiver 3458, the hook switch arm 34517, the con-
tact 3456, the pulsing springs of the calling de-
vice 3493, RA3451, C3481, the wiper 3251, RA324¢{,
C3115, RA3I0I, C3114, RA3231, RA3211 and the
winding of the impedance element 3216 to bat-
tery. The current traversing the circuit serves
to maintain the relay R3470 operated and also to
energize the transmitter 3459. It will be ob-
served that, with the relay R3470 operated, the
apparatus provided at the substation Ts is effec-
tively locked out of service and thus the connec-
tion is guarded against intrusion through the at-
tempted initiation of a call at the substation Ts
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until the connection extending to the substation
Ts is cleared out.

The relay R3110 operates when energized in
series with the relay R3410 over the above-traced
circuit. Upon operating, the relay R31{0 func-
tions to rcverse battery back over the trunk line
61 to the repeater illustrated in Figs. 26 and 27,
so that the two windings of the relay R2700
are cumulatively energized. More particularly,
when the relay R3110 operates, the lower wind-
ing of R2100 is energized over a circuit which
may be traced as extending from ground at the
lower terminal of the lower winding of R3125
by way of this winding, the lower winding of
R3120, RA3III, RA3112, RA3102, C2830, RA2T1I,
C2615, the transformer winding 2618, RA2613,
C2686, RA2115, the lower winding of R2100, the
resistor 2101’, the transformer winding 2619,
C2695, RA2119, C2881, RA3iI05, RA3115, RA3II4
the upper winding of R3120 and the upper wind-
ing of R3125 to battery.

From the foregoing description it will be re-
called that only the three relays R2605, R2620
and R2710, embodied in the repeater illustrated
in Figs. 26 and 27, are operated at the time the
relay R3110 operates to reverse battery back over
the trunk line 6. When its two windings are
cumulatively energized, the relay R2700 operates
to complete, at RA2101, a circuit for energizing
the slow-acting relay R2670, which circuit ex-
tends from ground at RA2652 by way of C2690,
RA2701 =znd its associated working contact,
‘RA2764, RA2736, C2682, RA2657 and the winding
‘of R2610 to battery. When energized over this

circuit, the relay R2670 operates to prepare, at ¢

RA2618, a circuit for energizing R2660 and to
complete, at RA2612, a circuit extending from
ground at RA2642 for energizing the relay
R2630. At RA2613, the relay R2610 completes
a circuit extending from ground at RA2643 for
energizing the slow-acting relay R2645 which
latter relay, upon operating, ‘disccnnects, at
RA2646 and RA2641, the conductors of the trunk
line 37 from the line terminals of the repeating
transformer windings 2616 and 2611. The relay
R2630, upon operating, completes, at RA2632,
the above-mentioned circuit for energizing the
relay R2660. Also, the relay R2630 connects, at
_its armatures RA2631 and RA2633, the conduc-
tors Ci885 and CI1886 of the trunk line 37 to
opposite terminals of the alternating current
source provided in the exchange C. The relay
R2660, upon operating, completes, at R2662, the
operating circuit for R2655 and, at RA26€4, a

circuit for energizing the lower winding of R2768. :

The last-mentioned circuit may be traced as ex-
tending from ground at RA2625 by way of
2644, RA2664, C2692, RA27152, RA2165 and the
lower winding of R2760 to battery. When its
lower winding is energized over this circuit the
relay R2160, which is of the two-step type, par-
tially operates to complete, at RA27161, a path for
short-circuiting its upper winding, this path ex-
tending by way of the grounded conductor C2692,
RA2152, RA2165, the upper winding of R2760,
RA2164 and RA2126 back to ground at RA2TI13.

As indicated above, the relay R2655 is ener-
gized and operates in response to the cperation
of R2660, Upon orerating, the relay R2655
opens, at RA2657, a point in the above-traced
operating circuit for R2610, causing the last-
mentioned relay to restore to initiate the sequen-
tial restoration of R2660 and R2655 in the order
named. When the relay R2660 restores it opens,
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at RA2664, a point in the above-traced path 75
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short-circuiting the upper winding of R2760, per-
mitting the two windings of the last-mentioned
relay to be energized in series.. The relay R2760
now completes its operation to open, at RA2764,
a point in the above-traced operating circuit for
R2160 thereby to arrest the cyclic operation of
the three relays, R2655, R2660 and R2670. At
RA2165 and its associated working contact, the
relay R2160 prepares a circuit, traced herein-
after, for cnergizing the lower winding of R2760.
Aside from the circuit operations just described,
the operation of the relay R27168 is without effect
at this time.

When Lhe relay R2670 restores, in the manner
pointed out above, it opens, at RA2613, a point
in the operating circuit for R2645 and, at RA2612,
a point in the operating circuit for R2630, caus-
ing both of these relays to restore. When the
two relays R2630 and R2645 restore, the line
conductors CI1885 and C{1886 of the trunk line
31 are disconnected from the alternating cur-
rent source provided in the exchange C and are
reconnected to the line terminals of the repeat-
ing transformer windings 2616 and 2611

When the pulse of alternating current is
projected over the conductors of the trunk line
317 to the repeater illustrated in Figs. 17 and 18
in the manner just described, the relay RI1815 is
energized and operates. At this time, only the
three relays RI1700, RI1705 and RI1730, embodied
in the repeater shown in Figs. 17 and 18, are
operated. Accordingly, when the relay RI815
operates, it completes, at RA{1811, a circuit for
energizing the lower winding of RI712, this cir-
cuit extending from ground by way of RAI8IT,
CI17190, RAIT3T’, RAI123, RAITIT and the lower
winding of R17{2 to battery. The relay RiT12
is of the two-step type such that it only partially
operates when its lower winding is alone ener-
gized. Upon partially operating, the relay RI712
completes, at the “X” contacts associated with
RAITI3, a path for short-circuiting its upper
winding, which path may be traced as extending
by way of the grounded conductor C1790,
RAIT37’, RAI123, RAITIT, the upper winding of
RI712, RAITI3 and RAI741 back to ground at
RAI1733. At the end of the alternating current
pulse transmitted, by way of the trunk line 131
to the repeater illustrated in Figs. 17 and 18, the
relay Ri815 is deenergized and restores. Upon
restoring, this relay opens, at RAI811, a point in
the above-traced path short-circuiting the upper
winding of RI1112, permitting the two windings
of the last-mentioned relay to be energized in
series. The relay R1712 now completes its opera-
tion to open, at RAITIT and its associated rest-
ing contact, a point in the above-traced circuit
for energizing its lower winding and to prepare,
at RAITIT and its associated working contact, a
circuit, traced hereinafter, for energizing the
lower winding of R1120. At RAIT14 and RAITIS,
the relay RITI12, upon fully operating, reverses
battery back over the loop extending through the
operated incoming connector switch illustrated
in Pigs. 12 and 13 and the trunk line 30 to the
operator’'s position equipment, illustrated in Fig.
7. More particularly, when . the relay RITI2
cperates, the upper winding of the supervisory
relay R790 is energized over a circuit which may
be traced as extending from ground at the upper
terminal of the lower winding of RI705, by way
of this winding, the lower winding of RIT(0,
RAITI5, CI1318, the wiper 1371, C1262, RA{201,
C883, the switch springs 816 and 8171, RA182,
RC783, the transformer winding 115, RAT97, the
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upper winding of RT80, the resistor 797’, the

_ transformer winding 776, RC186, RA185, the
" switch springs 822 and 821, C854, RA1206, C1218,

the wiper 1372, C1380, RAI[T14, the upper winding
of R1T180 and the upper winding of RI105 to
battery. The direction of current flow over this
circuit is such that the two windings of the
relay R190 are cumulatively energized and the
relay operates. Upon operating, the relay RA190
opens, at RA191, a point in the previously traced
circuit by way of which the supervisory lamp 5(1
and the relay R530 are being held energized in
series, causing the lamp 511 to be extinguished
and the relay R530 to restore to open, at RA531,
a point in the operating circuit for the audible
signaling device 535. .

. As pointed out previously, the operator at the
operator’s position in the exchange B, after dial-
ing the appropriate line selecting digits to cause
the desired line fo be selected, may utilize one

of the link lines, such, for example, as the line.

552, to establish a link or jumper connection be-
tween the calling and called talking circuits and
release her telephone substation apparatus for
use in the completion of other calls. Usually the
establishment of the link  connection is per-
formed after the dialing operation is .completed
and when the call is answered. To establish the
link connection between the calling and called
talking circuits in the case here being considered,
the operator may actuate the two connecting
switches 658 and 157 to the off-norma] position,
When the switch 658 is operated to its off-normal

_position, the springs 664 and 659 are closed to

connect the line terminals of the repeating trans-
former 650 to the link line conductors C688
and C689. S :

. ‘At the springs 663, an alternative circuit is
prepared for energizing the supervisory lamp
611 in series with the relay R530 when the switch
658 is operated to its off-normal position. Also,
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the springs 661 are closed to complete an obvious -

alternative circuit for maintaining the busy lamp
698 energized. Af the springs 660 an alternative
circuit extending by way of RA692 is.completed
for maintaining the relay R695 energized. When
the switch 157 is operated to its off-normal posi-
tion, the springs 758 and 7162 are closed to con-
nect the line conductors C688 and C689 of the
link line 552 to the line terminals of the trans-
former windings 112 and 113 embodied in the re-
peating transformer 771, thereby to complete the
desired jumper connection between the calling
and called talking circuits. Also, when the
switch 757 is moved to its off-normal position,
the springs 759 are closed to prepare the above-
mentioned alternative circuit for energizing the
supervisory lamp 51! in series with the relay
R530. At the springs 160 an obvious alternative
circuit is completed for maintaining the busy
lamp 7163 energized and at the springs 161 an
obvious alternative circuit is completed for main-
taining the relay R7195 energized. Following the
operation of the connecting switches 658 and
151 to the off-normal position to establish the
desired jumper connection, the call and answer
key switches 666 and 764 may be returned to
normal, thereby to disconnect the operator’s sub-
station equipment from the established connec-
tion. It will be noted that, when these two
switches are restored to normal, the line con-
ductors C547 and C548 of the link line 553 are
disconnected from the line terminals of the two
repeating transformers 650 and 17f. Also, the
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circuit for supplying energizing current to the 75
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transmitter 500 is interrupted at the springs 661
and 7165. At the springs 670 of the switch 666,
the multiple circuit for energizing the busy lamp
698 is opened, while, at the springs 6711, the
operaling circuit for the reclay RB695 is inter-
rupted. - At the springs 167 of the switch 164, a
point is opened in the above-traced operating
circuit for the relay R7180 and, at the springs 168,
a point is opened in the multiple cireuit for en-
ergizing the busy lamp 763. Finally at the

-springs 769, the operating circuit for the relay

R195 is interrupted, this relay being held ener-
gized over the holding circuit, described above,
which is completed in response to operation of
the connecting switch 157 to its off-normal posi-
tion. Following the completion of the jumper
connection in the manner just described, the two
busy lamps 698 and 763 are both energized to
indicate that the respective associated trunk
lines 831 and 832 are busy. Since the relay R695
is” operated, the line signal lamp 679 is deen-
ergized at this time. It will be apparent from
the foregoing description that the supervisory
lamp 51t and the relay R530 are maintained
energized over the circuit traced previously,
until such time as the call is answered at the
called substation, this circuit being interrupted,
in the manner described above, in response to
the operation of the relay R790. Thus, when
the desired talking connection between the call-
ing and called substations is fully completed,
only the two husy lamps 698 and 763 are ener-
gized. R

- If, following the completion of a“talking con-

‘nection between the calling and called substa-

tion, in a manner just described, the called sub-
scriber desires to resignal the operator in the
exchange B, he may do so by momentarily op-
erating the hook switch provided at the sub-
station Ts between its two operating positions
one or more times. Each time the hook arm
3451 is moved to its normal position to disen-
gage the contact 3456, the loop circuit extending
to the called substation Ts is interrupted and the
relays R3410 and R3(10 are deenergized, caus-
ing the last-mentioned relay to restore. Obvious-
ly, if the hook switch arm 3457 is held in its nor-
mal position for too long a time interval, the re-
lay R3410 also restores. When, however, the loop
circuit is recompleted by releasing the hook
switch arm 3457 so that it again engages the
contact spring 3456, the two relays R3110 and
R3470 are again energized in series with each
other and with the impedance element 3216,
The relay R311{0 restores each time the hook
switch provided at the called substation T3 is
returned to its normal position and, upon restor-
ing, reverses battery back over the trunk line
61 so that the polarity of the current traversing
the lower winding of the relay R2700 is reversed
with respect to the polarity of the current trav-
ersing the upper winding of this relay. Thus,
the relay R2700 is caused to restore to complete,
at RA2701, another alternative circuit for ener-
gizing the slow-acting relay R2670, this circuit
extending from ground at RA2652 by way of
C2690, RA210{ and its associated resting contact,
RA2164 and its associated - working contact,
RA2736, C2682, RA2651 and the winding of
R2670 to battery. When, energized over this
circuit, the relay R2670 operates to initiate the
sequence of operations described previously; that
is, it completes the operating circuit for R2660
and completes the previously traced operating
circuits for R2630 and R2645. When the two
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last-mentioned relays operate, the conductors of
the trunk line 87 are disconnected from the line
terminals of the-transformer windings 2616 and
2617, and are again connected to opposite ter-
minals of the alternating current source provided
in the exchange C, whereby an alternating cur-
rent pulse is transmitted by way of the trunk line
31 to the repeater illustrated in Figs. 17 and 18.
When the relay R2660 operates in response to
the operation of R2610, it completes, at RA2664,
a circuit for energizing the lower winding of
R2150, which  circuit extends from ground at
RA2625 by way of R2644, RA2664, C2692,
RA2152, RA2165 and the lower winding of
R2150 to battery. The relay R2150 is of the two-
. step type such that it operates to close only the
“x» contacts associated with RA2151 when its

lower winding is alone energized. When these

“X" contacts are closed, a path is completed
for short-circuiting the upper winding of R2750,
this path extending from ground at RA27I3
by way of RA2126, RA2151, the upper winding
of R27150, RA2165, RA2152, C2692, RA2664 and
RAZ2644 back to ground at RA2625. The relay
R2660, upon operating, also completes, at RA2662,
the operating circuit for R2655, which latter
relay, upon operating, opens at RA2657, the
operatihg circuit for R2670, thereby to initiate
the sequential restoration of the three relays
R2670, R2660 and R2655. When the relay R2660
restores, it opens, at RA2664, a point in the
~abcve-traced path short-circuiting the upper
winding of R2750, permitting the two windings
of the last-mentioned relay to be energized in
series.
ation to open, at RA2152, a further point in its
operating circuit and to complete, at RA2753,
an obvious circuit for energizing the slow-to-
operate relay R2725. When the relay R2125 op-
erates it opens, at RA2726, a point in the com-
mon portion of the holding circuits for the two
relays R2150 and R2760, causing both of these
relays to restore and open further points in their
respective holding circuits. The relay R2760,

upon restoring, also opens, at RA2164 and its .

associated working contact, a point in the above-
traced alternative operating circuit for the relay
R2670, causing the last-mentioned relay to re-
main in its restored position. With R2670 re-

stored, the two relays R2660 and R2655 are pre- ;

vented from reoperating and the respective oper-
ating circuits for R2630 and R2645 are inter-
rupted. More particularly, when the relay
R2670 first restores to initiate the sequential

restoration of R2660 and R2655, the two relays ;

R2630 and R2645 also restore to disconnect the
conductors of the trunk line 37 from the alter-
nating current source provided in the exchange C
and to reconnect these conductors to the repeat-
ing transformer windings 2616 and 2611. Thus,
the pulse of alternating current transmitted by
way of the trunk line 37 to the repeater shown
in Figs. 17 and 18 is terminated.

When the alternating current source provided
in the exchange C is connected to the conductors
of the trunk line 37, the alternating current
relay Ri815 embodied in the repeater illustrated
in Figs. 17 and 18 is energized and operates to
complete, at RA1811, the previously mentioned
circuit for energizing the lower winding of the
relay R1720, it being pointed out that the relays
RI100, RI705, RiT7{2 and RIT30 are the only

The relay R2750 now completes its oper- :
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lower winding of the relay R1720 may be traced
as extending from ground at RA{811 by way of
C1790, RAI137’, RAIT123, RAITIT and the lower
winding of R{720 to battery. The relay RI720
is of the two-step type such that it partially
operates to close only the “X" contacts asso-
ciated with RAI721 when its lower winding is
alone energized. When these “X” contacts are
closed, the relay RI17120 completes a path for
short-circuiting its upper winding, which path
may be traced as extending from ground at
RAI1133 by way of RAIT41l, RA112{, the upper
winding of R1720, RAITIT, RAIT123, RAIT131" and
CI17180 back to ground at RAI(817. When the
alternating current pulse transmitied by way of
the trunk line 37 is terminated in the manner
explained above, the relay RI815 restores to open,
at RAIBIT, a point in the path short-circuiting
the upper winding of R1720, permitting the two
windings of the last-mentioned relay to be ener-
gized in series. The relay RI1720 now fully op-
erates to complete, at RA17122, an obvious operat-
ing circuit- for the slow-to-operate relay Ri740.
The relay RI1740, upon operating, opens, at
RAIT44, a point in the common portion of the
respective holding circuits for R{712 and RI1720,
causing both of these relays to restore.’ The
relay RI712, upon restoring, reverses the direc-
tion of current flow over the previously traced
circuit including the upper winding of the super-
visory relay R790, causing the last-mentioned
relay to restore to recomplete, at RAT81, the
previously traced circuit for energizing the super-
visory lamp 51 and the relay R530 in series.

As pointed out above, when the hook switch
arm 3457 is released, after momentarily being
operated to its normal position, it is moved into
engagement with the contact spring 3456 to re-
complete the previously traced circuit for ener-
gizing the relay R3470 in series with the relay

- R3110, causing both of these relays to reoperate.
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ones of the relays embodied in the indicated re- -

peater which are operated at the time the relay
R 1815 operates.

The circuit for energizing the 75

The relay R3110, upon reoperating, again re-
verses battery back over the trunk line 61 to
the repeater illustrated in Figs. 26 and 27,
whereby the direction of current flow through
the lower winding of R2700 is again reversed.
The two windings of R2700 are now cumulatively
energized and this relay is caused to reoperate
to recomplete, at RA210t, the previously traced
alternative operating circuit for the relay R26170.
The four relays R2630, R2645, R2655 and R2660
respond to the reoperation of R2670 in the exact
manner explained above; that is, the relay R2645
cpens a point in the link circuit extending by
way of the trunk line 37 to the repeater illus-
trated in Figs. 16 and 17; the relay R2630 con-
nects the line conductors of the trunk line 317
to the alternating current source provided in the
exchange C; and the relay R2660 reoperates to
complete, at RA2664, the previously traced cir-
cuit for energizing the lower winding of R2760.
When its lower winding is energized, the relay
R2160 again partially operates to recomplete,
at the “X" contacts associated with RA2761, the

~ previously traced path for short-circuiting its

upper winding. The relay R2655, upon operat-
ing, opens, at RA2657, the operating circuit for
R26170, thereby to initiate the sequential restora-
tion of R2670, R2660, and R2655 in the order
named. Upon restoring, the relay R26170 opens
the respective operating circuits for R2630 and
R2645, thereby to terminate the pulse of alter-
nating current which is transmitted by way of
the trunk line 37 to the repeater shown in Figs,
17 and 13. The relay R2660, upon restoring,
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.opens, at RA2664, a point in the path short-

circuiting the upper winding of R2760, causing
the last-mentioned relay to complete its opera-
tion to open, at RA2764, a point in the operat-

ing circuit for the relay R26170, thus preventing

the three relays R2610, R2660 and R2655 from

H

continuing their cyclic operation. Also, the relay -

R2760, upon fully operating, reprepares the
previously traced circuit for energizing the lower
winding of R2750. Following the operation of
R2160, the relay equipment embodied in the re-
peater illustrated in Figs. 26 and 27 is returned
to the condition which prevailed when the con-
nection - was . initially established between the
calling and called substations.

The relay RIi815, embodied in the repeater
illustrated in Figs. 17 and 18, responds to the
alternating current pulse transmitted by way
of the trunk line 317 in response to the recom-
pletion of the loop circuit extending to the called
substation by reoperating to recomplete, at
RAI1811, the previously traced circuit for ener-
gizing the lower winding of R1712. The relay
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RIT12 again partially operates to complete, at -

‘RAITI3, the previously traced path for short-

circuiting its upper winding. At the end of the
alternating current pulse, when the relay Ri815
restores, this short-circuiting path is interrupted
at RAI1817, permitting the two windings of
RIT12 to be energized in series. The relay RITI2
now completes its operation to again reverse the

. direction of current flow through the upper
. winding of the supervisory relay RT90, causing

the last-mentioned relay to reoperate. Upon

reoperating, the relay R190 opens, at RAT8I, a ¢

point in the above-traced circuit for energizing
the supervisory lamp 51! in series with the relay
R530, thereby to extinguish the lamp 511 and
to terminate the operation of the signal device
535. :

It will be apparent from the foregoing descrip-

‘tion that the sequence of operations just de-

scribed occurs each time the hook switch pro-

_vided at the called substation Ts is operated from

its off-normal position to its normal position
and then back to its off-normal position. Hence,
if the hook switch is operated up and down a
number of times, the supervisory lamp 511 and
the signal device. 535 provided at the operator’s
position are caused intermittently to operate,

" thereby to indicate to the operator that she is

being recalled by one of the parties conversing
over the connection in which the link line 552
is included. In order to reenter the connection,
it is only necessary for the operator to actuate
one of the two call and answer key switches 764
and 666 to the off-normal position, thereby to
reconnect her telephone substation apparatus to
the established talking eircuit in an obvious
manner so that she may converse with the called
party to ascertain what service or information

‘is desired.

As indicated previously, if the desired called
substation is associated with a line of the multi-
plex type extending to the exchange C, it is
necessary to transmit a third series of impulses
by way of the incoming connector switch illus-
trated in Figs. 31 and 32 to the station selecting
apparatus associated with the selected called
line. In order to condition the control apparatus
of the incoming connector switch to repeat the
impulses to the station selecting apparatus asso-
ciated with a subscriber’s line of this type, the
relay R3225 is provided, which relay is arranged
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to operate immediately the called multiplex line 75

75

is selected. More particularly, each of the con-
tacts included in the contact level 3275 and cor-
responding to a line of the multiplex type is con-
nected to ground so that, if the wiper 3254 is
left standing in engagement with the contact of
a set terminating a line of the multiplex type,
the relay R3225 is energized over a circuit ex-
tending by way of the wiper 3254, RA3239 and
the winding of R3225 to battery. Upon operat-
ing, the relay R3225 opens, at RA3226, a point
in the incomplete circuit for impressing ringing
voltage upon the conductors of the called line.
At RA3228 and its associated working contact,
the relay R3225 prepares a path for impressing
negative battery potential upon the positive line
conductor of the selected called line. Shortly
after the line is selected, the line switching relay
R3240 is caused to operate in the manner ex-
plained previously, provided the line is idle.
Upon operating, the relay R3240 completes the
above-mentioned path for impressing negative
battery potential upon the positive side of the
selected line. This path extends from the nega-
tive terminal of the exchange battery by way
of the resistor 3{i7, RA3128, C3193, RA3228,
RA3239’, C3196, RA3106, C3199, RA3248 and the
wiper 3256 to the positive line conductor of the
selected called line. At RA3244 the relay R3240
also completes the previously traced path for
impressing ground potential upon the control
conductor of the selected multiplex line, whereby
the station selecting apparatus associated with
this line is seized and conditioned to operate in
response to the impulses comprising the third
series of impulses transmitted to the incoming
connector switch and the fifth digit dialed at
the operator’s position in the exchange B. The
line relay R3125 responds to the impulses of this
digit by repeatedly opening, at RA3(28, the
above-traced path for applying negative battery
potential to the positive side of the selected
called line, and the station selecting apparatus
associated with the selected line responds to the
battery pulses by connecting the line conductors
of the called. line to the substation -apparatus
provided at the desired called substation in the
usual manner, At the beginning of the first
impulse of the impulse series the relay R312§
restores to complete the above-traced circuit for
energizing the winding of R3160 in parallel with
the lower winding of R3110, causing both of
these relays to reoperate. At this time, the
branch of this circuit which includes the wind-
ing of the rotary switch operating magnet 3257
is interrupted at the operated armature RA3246
of the switching-through relay R3240. TUpon
operating, the relay R3168 completes the oper-
ating circuit for R3165, which latter relay, in
turn, operates to complete an alternative cireuit
for energizing the busy relay R3200. This alter-
native circuit may be traced as extending from
ground at RA3(4( by way of C3179, RA3244,
C3184, RA3156, RA3166, RA3I67, C3183 and the
lower winding of R3200 to battery. The relay
R3200, upon operating, prepares, at RA320{, its
holding circuit as traced above and prepares, at
RA3204, a circuit, traced hereinafter, for ener-
gizing the relay R3220. At the end of the third
series of impulses transmitted to the incoming
connector switch, the line relay R3125 is held
operated and the three relays R3160, R3165 and
R3170 are caused to restore in the manner ex-
plained previously. Upon restoring, the relay
R3165 completes the above-traced holding ecir-
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- cuit for the busy relay R3200. The relay R3165,
upon restoring, also completes the above-men-
tioned circuit for energizing the relay R3220,
this circuit extending from ground at RA314{
by way of C3119, RA3244, C3184, RA3156, RA3166,
C3i81, RA3221, RA3204 and the winding of R3220
to battery. When energized over this circuit, the
relay R3220 operates to complete, at RA3221, the
previously traced circuit for connecting the ring-
ing current source to the negative line conductor
of the selected called line, thereby to energize
the signal device provided at the called substa-
tion. The operation of the relay R3220 to com-
plete the previously traced ringing current cir-
cuit is also effective to cause ringing current to
Le projected over the established talking loop
extending to the operator’s position in the ex-
-change B, thereby to signal the operator that
the desired called substation is being rung.

When the call is answered at the called sub-
station, ground potential is impressed upon the
negative line conductor of the called line to com-
plete a circuit for energizing the ring cut-off
relay R3230, this circuit extending by way of
the grounded line conductor, the wiper 3251,
RA3241, C3115, RA3I0I, C3i14, RA3231, RA3221
and the winding of R3230 to battery. When
energized over this circuit, the relay R3230 opar-
ates to complete, at RA3231, the operating cir-
cuit for the relay R3235, which latter relay, upon
operating, completes, at RA3238, its holding cir-
cuit and opens, at RA3239, the operating circuit
for the relay R3225, causing the last-mentioned
relay and the relays R3220 and R3230 to restore

in the order named. At RA3231 and RA3239’, ¢

the relay R3235 completes a circuit for applying
talking battery voltage to.the conductors of the
selected called line, one branch of this circuit
extending from the negative terminal of the ex-
change battery by way -of the winding of the
line balancing impedance element 3216, RA321{,
RA32317, C3114, RA3101, C3115, RA3241 and the
wiper 3251 to the negative line conductor of the
called line, and the other branch extending from
the positive or grounded side of the exchange
battery by way of the winding of R3110, C3198’,
RA3215, RA3239’, C3196, RA3106, C3199, RA3248
and the wiper 3256 to the positive conductor of
the selected called line. The relay R3110 is ener-

gized over this circuit and operates its armatures *

RA31iI, RA3I12, RA3II4 and RA3I15 to reverse
battery back over the loop circuit extending to
the repeater illustrated in Figs. 26 and 27, there-
by to cause a supervisory pulse of alternating

current to be transmitted by this repeater to the *

switching equipment located in the distant ex-
change B in the manner previously described.
The operated switching equipment in the ex-
change B responds to the alternating current
pulse by operating to open the circuit for ener-
gizing the supervisory lamp provided at the oper-
ator’s position in this exchange and associated
with the link line being used in the connection,
all in the manner explained previously. The
manner in which a connection routed to a sub-
station connected to a line of the multiplex type
is released is pointed out with particularity here-
inafter.

As indicated previously, if the wipers of the
rotary switch 3250 embodied in the incoming
connector switch illustrated in Figs. 31 and 32
are operated into engagement with the contacts
terminating the conductors of a desired line at
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a time when the line is busy, busy tone is re- 756
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turned over the calling lgop circuit to the oper-
ator in the distant exchange ‘B to indicate that
the desired connection can not immaediately be
obtalned. Thus, if the call originating at the
operator's position in the exchange B and In-
tended for substation Ts associated with the line
60 is initiated at a time when the line 60 is busy,
the slow-to-release busy relay R3200 is caused
to operate immediately the wipers of the switch
3250 are operated into engagement with the con-
tacts terminating the conductors of the called
line. More particularly, when the called line 60
is busy, ground potential is present upon the
control conductor C3482 thereof. Accordingly,
the busy relay R3200 is energized over a circuit
extending by way of C3482, the wiper 3253, C3184,
RA3156, RA3166, RA3167T, C3183 and the lower
winding of R3200 to battery. When its lower
winding is energized over this'circuit, the relay
R3200 operates to prepare, at' RA3201, a holding
circuit for itself and to prepare, at RA3204, a
point in the above-traced operating circuit for
the relay R3220. At RA3201 and its associated
resting contact, the relay R3200 opens a point
in the circuit, traced previously, for energizing
the lower winding of the line switching relay
R3240. At RA3203, the relay R3200 opens a point
in the circuit, traced previously, by way of which
the lower winding of R3170, the winding of
R3160 and the winding of the rotary switch
operating magnet 3257 are energized during im-
pulsing, thereby to prevent further operation of
the calling device provided at the operator’s posi-
tion from effecting further operation of the
rotary switch 3250. At RA3205, the relay R3200
effectively connects the busy tone conductor
C3259 to the line conductor C3198 of the trunk
line incoming to the connector switch of Figs. 31
and 32, thereby to cause busy tone current to
be projected back over the established talking
circuit through the receiver provided at the oper-
ator’s telephone station located in the exchange
B. The resulting busy tone signal indicates to
the operator that the line extending to the called
substation is busy. Shortly following the opera-
tion of the busy relay R3200, the three relays
R3160, R3165 and R3I170 are caused to restore
in the manner explained previously. The relay
R3165, upon restoring, completes the above-men-
tioned holding circuit for the busy relay, this
circuit extending from ground at RA3I4i by
way of RA3I51, C3i80, RA320(, RA3212, C3182,
RA3167, C3183 and the lower winding of R3200
to battery. Thus, the busy relay is held ener-
gized and remains operated.

As indicated previously, provisions are made
whereby, on a toll call routed by way of an op-
erator’s position in the exchange B or the op-
erator’s position in the exchange C, a talking
ccnnection may be established to the called line
even though the line is busy. Thus, in the call
under consideration, if the operator in the ex-
change B desires to offer the call to one of the
parties conversing over the previously established
connection, she may cause the apparatus utilized
in the partially completed connection to operate
and set up a talking circuit bridging the pre-
viously established connection by momentarily
operating the toll offering switch 7153 to its off-
normal position to apply ground potential to the
line conductor C854 of the trunk line 30. When
ground potential 1s applied to C854, the respec-
tive lower windings of RI705 and RITI0 are
short-circuited over a path which may be traced
as extending by way of the grounded conductor



Y

-gircuit for the relay Ri{810.

2,297,092

C854, RAI206, Ci218, the wiper 1372, Ci380,
RA1715, the lower winding of RIi710 and the
lower winding of RIT06 back to ground. When
its lower winding is short-circuited over this
path, the differentially wound relay RIT10 op-
erates to complete, at RAITHH, a circuit for en-
ergizing the upper winding of RI1724, this circuit
extending . from ground at RAI133 by way of
RAITI1 and the upper winding of R{124 to bat-
tery. - At RAI125, the relay R1724, upon operat-

_ing, completes a holding circuit for itself, which

holding circuit extends from ground at RAIT33
by way of RAIT25 and. the upper winding of
RI1124 to battery. Shortly following the opera-
tion of R1124 and when the toll offering switch
153 is released to open the above-traced path

. short-circuiting the lower winding of R1110, the

two windings of the last-mentioned relay are
again energized in opposition, and this relay re-

-stores to open, at RAITH, the operating circuit,

as traced above, for the relay RI1724. At RAIT29,
the relay R1724, upon operating, applies ground
potential to the second contact of the outer row
of contacts embodied in the minor switch 710,
thus preparing a circuit, traced hereinafter; for
energizing the lower winding of the relay RI724.
At RA{726, RAIT21 and RA1128, respectively, the
relay R1128, upon operating, completes operating
circuits for the three relays R1830, RI840 and

R1820; the operating circuit for the relay R1830 :

extending from ground at RAI1726 by way of

RAI134, CI119 and the upper winding of RI830

to battery; the operating circuit for Ri840 ex-

‘tending from ground at RAIT2T by way of
RA{135, C1181 and the winding of Ri840 to bat- !

tery; and the operating circuit for R1820 extend-
ing from ground at RAI728 by way of RAIT3T,
C1784 and the winding of R1820 fo battery. The
relay R1840, upon operating, connects the line
conductors Ci885 and C1886 of the trunk line
37 to the alterndting current source provided in
the exchange B, and the relay R1820 disconnects
the line terminals of the repeating transformer
windings 1878 and 1819 from the enumerated
line conductors of the trunk line 37 to prevent
the alternating current from being returned to

the operator’s telephone set, all in the manner-

previously explained. The relay R1830, upon op-
erating, prepares, at RA(831, a circuit for ener-
gizing the operating magnet (772 of the minor
switch 1710 and prepares, at RA{1833, an operat-
ing circuit for the relay R1805. At RAI832, the
relay. RI830 completes a circuit extending by
way . of RAI8(2 for energizing the slow-acting
relay R1800. When the relay R1800 operates, it

.completes, at RA1801, a holding circuit for R1830

and completes, at RA1804, the previously men-
tioned circuit for energizing R(805. The hold-

ineg circuit for the relay RI1830 extends from

grcund at RAI831 by way of RAISBC and- the

‘upper winding of R1830 to battery and the cir-

cuit for energizing the relay R1805 extends from
eround at RAI1833 by way of RAI804 and the
winding of R1805 to battery. The relay R1805,

upon operating, shunts, at RA{806, the armature

RAI801 to provide a multiple holding circuit for
RI1830 and completes, at RAI807, the operating
The relay RI1810,
upon operating, opens at RAI812, the operating
circuit for RI800 as traced above, thereby to
ip'tiate the sequential restoration of the two
relays R1805 and R1810. Thus, the cyclic opera-
tion of the three relays Ri800, R1805 and Rigi0
is initiated. During each cycle of operation of
the three relays RI1800, R1805 and RI8{0 and
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when the relay R1810 operates, the above-men-
tioned eircult for energizing the operating mag-
net 1712 embodied in the minor switch 1770 is
completed, thig circuit extending from ground at
RAI831 hy way of RAI8BLE, CI1187 and the wind-
ing of the magnet 1172 to battery. Obviously,
this operating circuit is also interrupted during
each cycle of operation of the three enumerated
relays when the relay RI1810 restores. Thus, dur-
ing each cycle of operation of the three relays
RI1800, RI1805 and RI810, the wiper 1171 of the
switch 1710 is stepped one step so that, at the

. end of the second cycle of operation of the three

relays noted, this wiper engages the respective
second contacts of the bank contact field em- -
bodied in the switch (110, When the wiper ITT1
is operated to this position, the above-mentioned
circuit is completed for energizing the lower
winding of R1124, which circuit extends from
ground at RA1729 by way of the wiper ITT{ and
the lower winding of R17124 to battery. The relay
R1724 is.differentially wound so that it restores
when both of its windings are energized. At
RA(125, the relay R1724, upon restoring, inter-
rupts its holding circuit as traced above. Upon
restoring, the relay R1124 also opens, at RAIT21
and RAI728, respectively, the above-traced: op-
erating circuits for the relays RI840 and R{820,
causing both of these relays to restore to termi-
nate the alternating current pulse transmitted
over the trunk line 37 and to reconnect the con-
ductors of this trunk line to the line terminals
of the repeating transformer windings (878 and
18719. The relay RI(124, upon restoring, also
opens, at RA1726, a point in the above-traced op-
erating circuit for the relay RI830, causing the
last-mentioned relay to restore when the two
relays R(860 and R1805 restore to open the hold-
ing circuit for R1830. When the relay RI830
falls back, it opens points in the respective op-
erating circuits for R1800 and R1805, thereby to
arrest the cyclic operation of these two relays and
the relay RI1810. Tt is pointed out that, when the
wiper 1171 of the minor switch 1770 is stepped to
its first off-normal position, the off-normal
springs {114 are closed to prepare a circuit for
energizing the release magnet 1713, . This circuit
is completed in response to the restoration of
R1830 and extends from ground at RA1831 by
way of CI180, the off-normal springs {714 and
the winding of the magnet 1713 to battery.
When energized over this circuit, the magnet

"1713 attracts its operating armature, not shown,

to cause the wiper (111 of the switch {110 to be
returned to its home position in the usual man-
ner.

From the foregoing description, it will be ap-
parent that the duration of the alternating cur-
rent pulse transmitted by way of the trunk line
37 to the repeater illustrated in Figs. 26 and 27
is primarily determined by the time required for
the wiper {174 of the minor switch 1770 to be op-
erated to its second off-normal position. More
particularly, the duration of this pulse is of in-
termediate length as compared with the short
seizing pulse transmitted over the trunk line 317
in the manner described above and the long re-
Jease pulse which is transmitted over the trunk
line 37 to initiate the release of the repeater il-
lustrated in Figs. 26 and 27 when the connection
is cleared out. at the operator’s position in the
exchange B.

The alternating current relay R2650 responds
to the alternating current pulse transmitted over
the trunk line 31 in the manner just described
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by operaling to open, at RA2652 and iis asso-
ciated resting contact, the previously iraced hold-
ing circuit for the slow-to-release relay R2608.
At RA2652 and its associated working contact,
" the relay R2650 completes the previously traced
circuit for energizing the lower winding of the
relay R2600 and the winding of the slow-acting
relay R2785 in parallel. At RA2706, RA2707 and
RA2708, the relay R2105 prepares paths, traced
hereinafter, for applying ground potential to
each of the two line conductors C2615 and C2695.
The relay R2600, upon operating, prepares, at
RA260{, a point in the operating circuit for
R2620: prepares, at RA2603, the circuit for en-
ergizing its own upper winding; and completes,
at RA2602, the previously traced path for short-
circuiting the lower winding of R2610.

When the relay R2605 restores in response to
the operation of the relay R2650, it completes, at
RA2608, a circuit for energizing the lower wind-
ing of the relay R2640, which circuit may be
traced as extending from ground at RA2625 by
way of RA2608 and the lower winding of R2640
to battery. The relay R2640 now operates to
prepare, at RA2641, the operating circuit for the
rotary switch operating magnet 2787 and to initi-
ate the cyclic operation of the three relays R2679,
R2660 and R2655, in the manner explained pre-
viously. During each cycle of operation of these
three relays, the magnet 2781 is energized and
deenergized so that the wiper 2786 of the minor
switch 2785 is operated away from its home posi-
tion. When the wiper 2186 is operated off-nor-
mal, the off-normal springs 2789 are closed to

prepare the operating circuit for the release mag- !

net 2188. The stepping operation of the minor
switch 2785 continues until the alternating cur-
rent pulse being transmitted by way of the trunk
line 37 is ended. At the conclusion of this pulse,
the alternating current relay R2650 is deener-
gized and restores to open, at RA2652, a point in
the above-traced circuit for energizing the lower
winding of R2600 in parallel with the winding of
R2105. During the time interval required for the
slow-acting relay R2105 to release after its op-
erating circuit is opened, ground potential Is im-
pressed upon each of the line conductors C2615
and (26385 over the paths mentioned above.
More particularly, these paths are completed in
response to the restoration of R?2650 and com-
monly extend from ground at RA2652 by way of
RA2623, RA260T and C2677 to RA2706 where they
divide, one path extending by way of RA21T01 to
the line conductor C2675, and the other path ex-

tending by way of C2681, RA2613, C26886, !

RA2715, RA2108 and C2685 to the opposite line
conductor C2695. Obviously, when the relay
R2705 restores its armatures RA2706, RA2701
and RA2708 shortly following the restoration of
the alternating current relay R2650, the paths
just traced are interrupted. When the relay
R2105 restores, an alternative circuit is com-
pleted for energizing the slow-to-release relay
R2605. this circuit extending from ground at
RA2652 by way of RAZ2623, RA2607, C2611,
RA2106. C2616, RA2621 and the winding of R2605
to battery. When energized over this circuit, the
relay R2605 reoperates to recomplete its holding
circuit, as traced previously, and to interrup.t,. at
RA2608, the above-traced circuit for energizing
the lower winding of the relay R2640. Shortly
thereafter and when the relay R2660 restores to
open the holding circuit for the relay R2640, the
last-mentioned relay also restores to open points

20

relays R26708 and R2660 and the operating mag- -

nel 2787 of the minor switch 27185. Upon re-
storing, the relay R2640 also compleles Lhe cir-
cuit, traced previously, for energizing the release
magnet 27188, which magnet, upon operating,
causes the wiper 2786 of the minor switch 2785
to be restored to its normal position in the usual
manner. When the wiper 2786 is returned to its
home position, the off-normal springs 2189 are
opened to interrupt the operating circuit for the
release magnet 2788.

When the alternating current relay R2650 re-
stores, at the end of the alternating current pulse
transmitted over the trunk line 37 and in the
manner just described, it opens, at RA265Z, a
point in the path short-circuiting the lower
winding of R2610, permitting this winding to be
energized in series with the lower winding of
R26800. The relay R2610 now operates to com-
plete, at RA2611, the circuit for energizing the
upper winding of the relay R2600. The differ-
entially wound relay R2600 now restores to open,
at RA2602, a point in the circuit for energizing

" its lower winding in series with the lower wind-
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in the respective operating circuits for the two 75

ing of R2618, thus causing the relay R2610 also to
restore. During the interval when the relay R2610
is operated, the loop circuit extending to the
incoming connector switch of Figs. 31 and 32 is
interrupted at RA26(3, but the interruption of
this loop circuit is without effect at this time.
Following the restoration of the relay R2610, the
apparatus embodied in the repeater illustrated in
Figs. 26 and 27 is returned to the condition which
prevailed before the alternating current control
pulse was transmitted thereto.

During the interval when ground potential is
applied to the line conductor C2675 in the man-
ner described above, the upper winding of the
relay R3120 is energized in series with the upper
winding of the relay R3125 over g circuit extend-
ing by way of the grounded conductor C2615,
RA2TII, C2890, RA3102, RA3I112, RC3113, the
upper winding of R3120 and the upper winding
of R3125 to battery. When ground potential
is simultaneously applied to the line conductor
C2695, the series connected lower windings of the
relays R31280 and R3125 are short-circuited over
a path which may be traced as extending by way
of the grounded conductor C2695, RA27193, C2891,
RA3105, RA3I1I5, RC3116, the lower winding of
R3120 and the lower winding of R3{25 back to
ground. Since its lower winding is deencrgized
in response to the completion of this short-cir-
cuiting path, the differentially wound relay
R3120 now operates to complete, at RA3121. a
circult for energizing the relay R3210, which cir-
cuit may be traced as extending from ground
at RA3!41 by way of C3119, RA3244, C31817,
RA3I172, RC3113, C3186, RA3202, C3188, RA3I21,
C3185 and the winding of R3210 to battery.
When energized over this circuit, the relay R3210
operates to complete, at RAS213, a path for
short-circuiting the upper winding of R3200, this
path extending from the upper terminal of the
upper winding of R3200 by way of C3188, RA3121,
C3185 and RA3213 to the lower terminal of the
upper winding of R3200. The completion of this
short-circuiting path renders the relay R3200
slow to release. At RA3212 and its associated
resting contact, the relay R32{0 opens a point
in the previously traced holding circuit for the
relay R3260. At RA3212 and its associated work-
ing contact, the relay R3210 completes an alter-
native holding circuit for the relay R3200, this
alternative holding circuit extending by way of

w
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the grounded control conductor C3482 of the busy

called line 60, the wiper 3253, RA3212, C3182,

‘RA3(61, C3183 and .the lower winding of R3200

to battery. At RA3214, the relay R3210 opens a
point in the previously traced circuit for project-
ing busy tone current by way of the established
circuit extending to the operator’s position in
the exchange B, thereby to terminate the busy
tone signal. * At RA32(1 and RA3215 and their
respective associated resting contacts, the relay

R3210 disconnects the line conductors cans and.

C3198; respectively, from the terminals of. the
impedance element 3216 and the battery revers-
ing relay R3110. At these same armatures and
their respective associated working contacts, the
relay R3210 connects the indicated line conduc-
tors C3(716 and C31t98 to the line conductors of
the selected called line 60 so that a talking con-
nection is completed between the operator’s tele-
phone set and each of the two substations being
used in- the previously established connection.

- Upon the completion of this talking circuit, the

operator may break in upon the ensuing conver-
sation, offer the toll call to the called subscriber
and request the parties to hang up so that the
toll call may be forwarded to the desired called
substation. It will be noted that the bridging
connection which is established through the con-
nector switch of Figs. 31 and 32 to the called
line includes the two condensers 3154’ and 3152’
and further that no direct current bridge is
placed across the conductors of the called line.
Thus, the release of the previously established
connection including the called line is in no way
affected by the completion of the bridging son-
nection.
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As indicated above, when the supervisory pulse -

of alternating current transmitted by way of the
trunk line 37 to the repeater illustrated in Figs.
26 and 27 is terminated, the relay R2105 is caused
to restore to open the path by way of which
ground potential is applied to each of the two
trunk line conductors C2890 and C2884. As a
result, the lower winding of the differentially
wound relay R3120 is again energized and this
relay restores to open, at RA312{, a point in
the path short-circuiting the upper winding of
the busy relay R3200. The upper winding of
the relay R3200 is now energized in series with
the winding of R3210 over a circuit which may
be traced as extending from ground at RA3{41
by way of C3179, RA3244, -C3181, RA31172,
RC3113, C3186, RA3202, the upper wmdmg of
R3200, RA3213 and the winding of R3210 to
battery. Following the restoration of the dif-
ferentially wound relay R3120, no further relay
operations occur in the incoming connector
switch illustrated in Figs. 31 and 32 until the
previously established connection including the
desired called line is released.

When the previously established connection
is cleared out at both ends thereof, the line
circuit associated with the line 60 is caused to
restore to normal, in the manner explained sub-
sequently, to remove ground potential from the
control conductor C3482 and to impress negative
When
ground . potential is removed from the control
conductor C3482 the lower winding of the busy

Telay R3200 is deenergized. Following the de--

energization of this winding, the busy relay R3200
is only energized by the current traversing its
upper winding, such energization being insuffi-
cient to maintain the relay operated but being
of a value such that the restoration of the relay
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is delayed for a substantial time interval. At
the end of this time interval, the relay R3200
restores to open, at RA3202, a point in the pre-
viously traced circuit for energizirig its upper
winding in series with the winding of the relay
R3210, whereby the  last-mentioned relay is
caused to restore. At RA32085, the 1elay R3200
opens a further point in the path for applying
busy tone voltage to the talking circuit extend-
ing to the operator’s position in the exchange

B. At RA3204, the relay R3200 opens a point

in the incomplete opecrating circuit ior the relay
R322). At RA320t and its associated resting
contact, the relay R3200, upon restoring, com-
pletes the previously traced circutt for ener-
gizing the lower winding of the line switching
relay R3240. When the relay R3240 operates,
ringing current ‘is projected over the selected
called line for the purpose of energizing the sig-
nal device provided at the called substation in
the manner explained previously. Also, the relay -
R3240, upon operating, completes the previously
traced circuit by way of which ring-back tone
current, is projected back over the talking circuit
to the operator’s telephone set in the exchange
B, thereby to signal the operator that the ring-
ing operation is being -performed. When the
call is answered at the called substation, the
desired talking circuit is completed in the exact
manner described above. By way of summariz-
ing the relay operations which occur when the
call is answered at the called substation, it is
pointed out that the two relays R3230 and R3235
are caused sequentially to operate -in the order
named when the loop circuit extending to the
called substation is completed, which relays, upon
operating, arrest the ringing operation and com-
plete the talking circuit to the called substation.
The relay R3235, upon operating, also completes
the operating circuit for the battery reversing
relay R3110, which latter relay, upon operating,
initiates the operation of the repeater illustrated
in Figs. 26 and 27 to transmit a supervisory
pulse of alternating current by way of the trunk
line 31 to the repeater illustrated in Figs. 17
and 18, The last-mentioned repeater responds
to the supervisory pulse of alternating current
by reversing battery over the loop extending to
the operator’s position, whereby the supervisory
relay R790 is caused to restore to extinguish the
supervisory lamp 511,

The release of the connection established be-
tween the substations T: and Ts, in the manner
hereinbefore explained, is partially -under the
control of the calling party at the substation
T1 and partially under the control of the oper-
ator located at the operator’s position in the
exchange B. More particularly, the release of
the finder-connector link illustrated in Figs. 19
and 20 and by way of which the call is for-
warded from the substation T: to the operator’s
position is under the control of the calling sub-
scriber, whereas the release of the operated
switching equipment, by way of which the con-
nection is routed from the operator’s position
to the called substation Ts, is undcr the con-
trol of the operator in the exchangz B. In any
case, a disconnect signal is given to the operator
when the connection is cleared out at either the
calling or called substations. Thus, if the call-
ing subscriber at the substation T: restores h's
receiver to its hook, the hook switch arm 2467
is moved out of engagement with the associated
spring 2166 to interrupt the previously traced
loop circuit by way of which the relay R2{10
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is being held energized in series with the two
windings of R685, causing both of these relays
" to restore. 'The relay R885, upon restoring, com-
pletes, at RAB686, the previously traced circuit
extending by way of the switch spring 663 for
energizing the supervisory lamp 51l in scries
with the relay R530, thereby to cause the lamp
~ 541 to be illuminaled and the signal device 535
to operate. The resulting contintious illumina-
tion of the lamp 5f1 and continuous operalion
of the signal device 535 indicate to the operator
that the connection has been cleare:1 out at one
end thereof and is no longer desired.

The supervisory lamp 5ii-and signal dcvice
535 are also energized when the connection ex-
tending to the called substation Ts is cleared oui
at this substation. Thus, it is pointed out above
that, when the called party at the substation
Ts restores his receiver to its hook, the huok
switch arm 3457 is moved out.of engagemsnt
with the associated switch spring 3456 to open
the previously traced circuit by way of which the
relays R3470 and R3110 and the impedance ele-
ment 3216 are peing held energized in series.
The two relays R3470 and R3(10 restore when
this series circuit is interrupted, the last-men-
tioned relay operating to reverse battery back
over the trunk line 6f extending to the repeater
illustated in Figs. 26 and 27. This repeater re-

sponds to the batiery reversal in the manner :

previously described by causing a pulse of alter-
nating current to be transmitted by way of the
trunk line 37 to the repeater illustrated in Figs.
17 and 18. The control apparatus embodied in

the last-mentioned repeater responds to the pulse :

of alternating current by reversing battery back
over the line ronductors of the operated incoin-
ing connector switch jllustrated in Figs. 12 and
13, thereby to reverse the direction of current
flow through the upper winding of the refay
R790. The two windings of the relay R180 are
differentially energized and the relay restores to
recomplete, at RATS84, the previously traced cir-
cuit extending by way of the switch springs 759
for energizing the supervisory lamp 511 in series
with the relay R530, The resulting continuous
illumination of the lamp 5! and the continucus
operation of the signal device 535 serve to signal
the operator that the connection may be re-
leased.

As indicated above, the release of the finder-
connector link illustrated in Figs. 19 and 20 is
accomplished without the intervention of the op-
erator in the exchange B. More particulaily,
when the relay R685 restores in response to the
release of the connection at the calling substa-
tion Ti, it interrupts at RA681, the operating
circuit for the slow-acting relay R690, which
latter relay, upon restoring, interrupts, at
RAG692, the operating circuit for the relay R695
and opens, at RA691, a point in the path, traced
previously by way of which ground potential is
impressed upon the control: conductor C851 of
the trunk line 36. The removal of ground po-
tential from this control conductor results in
the deenergization of the two operated relays
R2040 and R2050, causing both of these relays
to restore. The relay R2040, upon restoring, com-
pletes. at RA2045, the previously traced circuil
for energizing the release magnet 2033 whereby
the wipers of the Strowger switching mechanism
1960 are returned to rotary and vertical normai
in the usual manner. Af this time, the off-
normal springs 2034 are opened to interrupt the
operating circuit for the release magnet 2033.
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Also, the off-normal spring 2046 is moved from
encagement with the associated spring 2071’ and
into engagement with the. associated spring
2816’, thereby to mark the link illustrated in
Fips. 19 and 20 as idle in the bank contacts of
the distributor switch 2200. Thus, the finder-

" connector link illustrated in Figs. 19 and 20 ‘is

10

&

completely released and is available for use in
rompleting another connection.

When ground potential is removed from the
control conductor C85! of the trunk line 36 in
the manner just described, the line circuit asso-
ciated with the calling line 34 is released in the
manner explained previously. Thus, when
ground potential is removed from the control
conductor C851, the cut-off and lockout reluys
R2120 and R2138, respectively, are caused to re-
store in the order named. The relay R2126, upon
restoring, opens, at RA2122, the holding circuit
for R2180, causing the last-mentioned relay to
restore. Thus, all of the relays embodied in the
line circuit associated with the calling line 34
are restored to normal and the line is marked
as idle in the bank contacts of the numerical
switches having access thereto.

When the operator in the exchange B receives
the disconnect signal in the manner just ex-
plained, she may release the link line 552 and
initiate the release of the operated switch train
extending to the called substation Ts by restor-
ing the two key syitches 658 and 157 to normal.
When the switch 757 is returned. to its normal
position, the springs 764 are opened to interrupt
the operating circuit for the relay R195% and the
springs 160 are opened to interrupt the circuit
for energizing the busy lamp 763. Upon restoring,

- the relay R195 interrupts, at RA7196, the circuit
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for energizing the lower winding of R190 and
opens, at RAT97, a point in the loop circuit by
way of which the upper winding of R790 is being
held energized in series with the two windings of

the line relay RIT05 embodied in the repeater il-
lustrated in Figs. 17 and 18. At the time this
Joop- circuit is interrupted, only the three relays
RI1700, RIT05 and RI730 of the indicated re-
peater are operated. The relay RI105, upon re-
storing, opens at RAIT06 the operating circuit
for the hold relay R{100. When the relay RI17100
restores, it opens, at RA1103, a point in the previ-
ously traced operating circuit for R1730. At
RAIT01, the relay RI1700, upon restoring, opens
one path and completes an alternative path for
impressing ground potential upon the control con-
ductor CI319 of the trunk line 32 incoming to the
repeater, this alternative path extending from
ground at RAIT32 and by way of RAI10f to the
control conductor C1379. At RAI706 and RAI 707,
respectively, the line relay R1105, upon restoring,
completes alternative operating circuits for the
two relays R840 and RI1820; the circuit for en-
ergizing R1848 extending from ground at RA 1706
by way of RAIT35, CI1181 and the winding of
R1840 to battery; and the circuit for energizing
R 1820 extending from ground at RAIT07 by way

5 of RAf131, CI1784 and the winding of R1820 to

battery. Upon operating, the relay RI840 con-
nects the line conductors CI885 and CI1886 of the
trunk line 37 to opposite terminals of the ajter-
nating current source provided in the exchange
B." The relay R1820, upon operating, disconnects
the line terminals of the transformer windings
1818 and 1819 from the two line conductors of
the trunk line 371, in the manner explained previ-
ously. When the relay RI700 restores, it com-
pletes, at RAIT02, a circuit for energizing the
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upper winding of RI1830, this circuit extending
from ground by way of RA[102, RAIT34, CITI®
and the upper winding of R1830 to battery. The
relay R1830 now operates to prepare, at RAIB3I,
a circuit for energizing the operating magnet 1772
of the minor switch 1170 and a holding circuit

[+

for itself. At RA1833, the relay RI830 prepares .

8 circuit for energizing the slow-to-gperate relay
RI805. At RAI832, the relay R1830 completes
a circuit extending by way of RAI812 for ener-
gizing the slow-acting relay R1800. X
RI1800, upon operating, completes at RAI881 the
above-mentioned holding circuit for R 1830, which
circuit extends from ground at RA1831 by way
of RAI801 and the upper winding of RI830 to
battery. At RAI804, the relay R1800 completes
the above-mentioned circuit for energizing the
relay R1805, and the latter relay, upon operating,
completes, at RAI1801, an obvious circuit for en-
ergizing R(810. The relay‘Rlsos also completes,
at RA1806, an obvious multiple holding circuit
for the relay R{830, When the relay RI810 oper-
ates, it opens, at RA1812, the operating circuit for
R 1800, thereby to mitiate the sequential restora-
tion of the three relays R1800, RI805 arnd RI8I0
in the order named. When the relay RI818 re-
stores, it again completes, at RA{812, the oper-
ating circuit for R1800 whereby the three enumer-
ated relays are caused again sequentially to op-
erate. The cyclic operation of the three relays
R1800, R1805 and RI810 continues until the re-
lay RI830 is deenergized and restores.
ithe period of each cycle of operation of the three

enumeraled relays when the relay RI(810 is en-,

ergized, the above-mentioned circuit is completed
for energizing the operating magnet 1772 of the
minor switeh 1710, this circuit extending from
ground at RA{831 by way of RAI81{, CI197 and
the winding of the magnet 1772 to battery. Ob-
viously, this circuit is also interrupted once dur-
ing each operating cycle of the three cyclically
operating relays. Each time the operating mag-
net 1712 is energized, it cooperates with its asso-
ciated raichet and pawl mechanism to step the
wiper 1711 one step. When the wiper 17171 is
moved to its first off-normal position, the off-
normal sprmgs l114 are closed to prepare a cir-
cuit for energizing the release magnet 1113. Op-
eration of the switch 1710 continues until the
wiper 1711 is operated to its fifth off-normal posi-
tion, at which time & path is completed for short-
circuiting the winding of RI1130. The path for
short-circuiting the winding of the relay RI730
may be traced as extending from ground at

RAI1133 by way of the respective fifth contacts

of the two contact sets embodied in the switch
1110 and the bridging wiper 1771 extending there-
between, the winding of R1730 and RAI138 back
to ground at RA1151. When this short-circuit-
ing path is completed, the relay R1130 is deener-
gized and restores to open, at RA1134, RAI 135 and

‘ RAI131, the above-traced alternative operating

circuits for the relays R1830, R1840 and R1820.
The relay R1840 now restores to terminate the
relatively long pulse of alternating current trans-
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mitted by way of the trunk line 37 to the répeater :

illustrated in Figs. 26 and 27. In cooperation

-with the relay R1820, the relay R1840 also func-

tions to reconnect the Hne conductors Ci885 and
C1886 of the trunk line 37 to the line terminals of

- the two repeating transformer windings 1878 and

(819. When, shortly following the interruption
of the operating circuit for R1830, the two relays
R{800 and RI805 restore, the holdmg circuit for

‘RI1830 is opened, permittmg the last-mentioned

81

relay to restore to open points in the respective
operating circuits for RI800.and R1805. Thus,
the cyclic operation of the three relays R1800,
R1805 and RI8I0 is arrested. Upon restoring,
the relay R1830 also completes, at RAI831, the
above-mentioned circuit for energizing the release
magnet 1113 of the minor switch 1710, which cir-
cuit may be trdced as extending from ground at
RAI831 by way of CI180, the closed off-normal
springs 1714, and the winding of the release mag-
net 1113 to battery. The resulting operation of
the release magnet 1713 causes the wiper {711 of
the switch 1770 to be returned to rotary normal
in the usual manner, at which time the springs
1714 are opened to interrupt the operatmg circuit
for the release magnet §1713. The relay RI730,
upon restoring, riot only initiates the restoration
of the six relays RI1800, R1805, RI810, RI820,
R 1830 'and R(840 in the manner just described,
but, in addition, opens at RA1138 a further point
in its own holding circuit, interrupts at RAI131
and RAIT39, two add1tional points in the calling

“loop circuit, and initiates the release of the pre-

ceding operated incoming connéctor switch illus-
trated in Figs. 12 and 13. More particularly, the
relay R1130, upon restoring, opens, at RA1133, the
above-traced alternativé path for impressing
ground potential upon the conirol conductor
CI318 of the trunk line 32 incoming to the re-
peater illustratéd in. Figs. 17 and 18. - When
ground potential is removed from  this control
conductor, the switching-through relay R1200 is
deenergized and restores. .The relay R1200, upon
restoring, completes, at RA1205, a circuit for en-
ergizing the release magnet lm this circuit ex-
tending from ground by way of thé resistor 1238,
RAI244, RAI205, the off-normal springs 1207 and |
the winding of the magnet 1208 to battery. The
resulting operation of the release magnet {208
causes the wiper carriage structure embodied in
the Strowger switzhing mechanistin 1310 to be re-
turned to normal in the usual manner, at which
time the off-normal springs 1207 aré operied to
interrupt the operating circuit for the release
magnet. Following the operation of this magnet
and the return of the wiper carriage structure to
normal, the incoming connector switch illustrated
in Figs. 12 and 13 and the repeater shown in Pigs.
17 and 18 are fully released.

When the release pulse of alternating current
is transmitted by way of the trunk line 37 from
the repeater illustrated in Figs. 17 and 18 to the
repeater illustrated in Figs, 26 and 27 in the man-
ner just explained, the relay R2650 is energized
and operates to open, at RA2652 and its asso-
ciated resting contact, a point in the previously
traced holding circuit for R2605. At RA2652 and
its associated working contact, the relay R2650
completes the previously traced circuit for ener-
gizing the lower winding of R2600 and the wind-
ing of R2105 in parallel. Since the duration of
the release pulse is quite long, the relay R2650 is
held operated for a time interval exceeding the
period required for the slow-to-reléase relay
R2605 to restore, Upon restoring, the relay R2605
conipletes the previously traced circuit for ener-
gizing the lower winding of R2680. When the re-
lay R2640 operates, it performs the functions de-

~ “'scribed previously; that is, it prepares the previ-
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ously traced operating circuits for'the relay R2660
and the rotary switch operating magnet 2181, and
completes the operating circuit for the slow-act-
ing relay R2610, Thus, the cyclic operation of
the three relays R2610, R2660 and R2655 is again
initiated. During each cycle of operation of these
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relays, the previously traced operating circuit for
the rotary magnet 2181 is completed. Thus, the
wiper 2186 is driven over the contacts of its as-
sociated contact field at the rate of one step for
each operating cycle of the three relays R2655,
R2660 and R2670. When the wiper 2186 is moved
into engagement with its respective assoclated
third contacts, a circuit is completed for ener-
gizing the slow-to-release relay R2720, this cir-
cuit extending from ground at RA2662 by way
of C2689, RA2738, RA2716, C2688, RA2614, C2681,
the wiper 2186 bridging the third contacts of the
bank contact field embodied in the minor switch
2185, and the winding of R2720 to battery. When
energized over this circuit, the relay R2720 oper-
ates to open, at RA2122 and RC2123, the origi-
nally completed holding circuit for the relay
R2110 and to complete & circuit for holding the
relays R2710 and R2120 energized until the re-
lease pulse being transmitted by way of the trunk
line 31 is terminated. The last-mentioned circuit
extends from ground at RA2652 by way of C2689,
" RA2138 and RA2116 to RA2724 where it divides,
one branch extending through the winding of
R2720 to battery and the other branch extending
by way of RA272i, RA2122 and the windings of
R2110 to battery. Following the operation of the
relay R2720, the relay R21{0 is held energized
until the alternating current release pulse being
transmitted by way of the trunk line 31 is termi-
nated. When the release pulse is terminated, the
circuit just traced is interrupted at RA2752. The
relay R2110 restores. immediately this circuit is
interrupted, but the relay R2720, due to its slow-
to-release characteristic, remains operated for a
short time interval thereafter. Upon restoring,
the relay R2710 opens, at RA27T14, a point in its

original holding circuit and interrupts, at RA2711,-

RA2115 and RA2119, three points in the loop cir-
cuit extending from the line terminals of the re-
peating transformer 2615 to the operated incom-
ing connector switch illustrated in Figs. 31 and
32. At RA2118, the relay R2110, upon restoring,
opens a point in the holding circuit for R2620,
causing the last-mentioned relay to restore. At
RA2116, the relay R2710 opens a point in the op-
erating circuit for the two relays R2600 and R2705,
causing both of these relays to restore. When
the relay R2620 falls back, it opens, at RA2625,

a point in the above-traced operating circuit for !

.the relay R2640. The holding circuit for the relay
R2640 is opened during the period of the next
cycle of operation of the three relays R2655,
R2660 and R2610, when the two relays R2660 and
R2610 are restored. Upon restoring, the relay
R2640 opens points in the respective operating
circuits for the two relays R2660 and R2670 and
the operating magnet 2781, thereby to terminate
the operation of the minor switch 2785 and the
cyclic operation of the three relays R2670, R2660
and R2655. At RA264{, the relay R2640, upon
restoring, completes the previously traced oper-
ating circuit for the release magnet 2788. The re-
sulting operation of the magnet 2788 causes the
wiper 2186 of the minor switch 2785 to be re-
turned to its normal position in the usual manner.
When this wiper reaches its home position, the
off-normal springs 2789 are opened to interrupt
the operating circuit for the release magnet 2788.
Following the release of the minor switch 27185 in
the manner just explained, the repeater illus-
trated in Figs. 26 and 27 is fully released.

The release of the incoming connector switch
illustrated in Figs. 31 and 32 is initiated when
the relay R2140 of the repeater illustrated in
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Figs. 26 and 27 restores. More particularly, when
this relay restores to open the loop circuit ex-
tending to the indicated incoming connector
switch, the line relay R3125 restores to inter-
rupt, at RA3126, the operating circuit for the
slow-acting hold relay R3130. The hold relay
R3130, upon restoring, opens, at RA3132, the
operating circuit for the relay R3140, which lat-
ter relay, upon falling back, opens, at RA3141, a
point in the common portion of the respective
holding circuits for the relays R3150, R3155,
R3200, R3235 and R3240, causing any operated
ones of these relays to restore. At RA3143, the
relay R3140 completes a path for applying
ground to the conductor C3191, which conductor
is multiplied to certain of the contacts of the
contact set 3216 embodied in the bank contact
field of the rotary switch 3250, This path may
be traced as extending from ground at RA3103
by way of RA3126 and RA3143 to C3{9f. When
this path is completed, the contacts numbered
from one to twenty-four of the contact set 3216

“are grounded, thereby to prepare a release cir-

cuit for causing the rotary magnet 3257 to re-
turn the wipers of the switch 3250 to normal.
At RA3144, the relay R3140, upon restoring, com-
pletes an alternative circuit for energizing the
lower winding of R3{50 in series with the wind-
ing of R3155, this alternative circuit extending
by way of the grounded test wiper 3255, C3195,
RA3I1TI, RA3144, RA3104, the lower winding of
R3150 and the winding of R3{55 to battery.
When its lower winding is energized over thez
circuit just traced, the relay R3150. partially
operates to close the “X” contacts associated
with RA3152 but such operation is without effect
at this time. 'The relay R3155, on the other
hand, fully operates to complete, at RA3159 anil
RA3i58, a holding circuit for itself, which cir-
cuit extends by way of the grounded wiper 3255,
C3195, RA3159, RA3158, the lower winding of
R3150 and the winding of R3155 to battery. The
relay R3155, upon operating, also completes the
above-mentioned release circuit for energizing
the operating magnet 3251 of the rotary switch
3250. The last-mentioned circuit extends by way
of the grounded test wiper 3255, C3195. RA3159.
RA3158, RA3104, RA3144, RA31I51, C3194, the
armature 3258 and the winding of the magnet
3257 to battery. Due to the circuit interrupting
action of the contact springs associated with the
armature 3258 and, further, to the fact that
ground potential is present upon all of the con-
tacts of the contact set 32716 other than the
twenty-fifth contact, the operating magnet 3257
operates. in a buzzer-like manner to drive the
wipers of the switch 3250 until they are moved
into engagement with their respective associated
twenty-fifth contacts which constitute the home
position of the switch. When the wipers of the
switch 3250 are driven to the home position, the
test wiper 3255 is disconnected from ground ‘o
interrupt the release circuit with the result that
the operation of the switch 3250 is arrested.
Also, when ground potential is removed {from the
wiper 3258, the relays R3150 and R3155 are de-
energized and restore. Following the restoration
of the relay R3155, all of the relay equipment
embodied in the incoming connector switch illus-
trated in Figs. 31 and 32 is released and this
switch is prepared for use in connection with
another call.

The release of the line circuit illustrated in
Fig. 3¢ and associated with the calied line 60 is
initiated when the relay R3140 restores. Thus,

te
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when the relay R3140 falls back, it opens, at
RA3141, a point in the path, traced previously,
by way of which ground potential Is impressed
upon the control conductor C3482 of the line
680. The removal of ground potential from the
control. conductor C3482 results In the deener-
gization of the cut-off relay R3440 embodied in
the line circuit associated with the called line
60. When the cut-off relay R3440 restores, it
interrupts, at RA3445, the operating circuit for

_ the slow-acting lockout relay R3430. The last-

mentioned relay restores, after an interval, to
reprepare, at RA3432, the start circuit extend-
ing to the distributor illustrated in Fig. 30 as-
sociated with the switching selector repeaters
located in the exchange C. Following the re-
lease of the lockout relay R3430, the line circuit
associated with the called line 60 is restored to
normal. Thus, the connection between the call-
ing and called substations T1 and Ts is fully
released.

SussectioN E.——Ezxtension of the connection by
way of the exchange C to a substation line ter-
minating at the exchange D when the operator
in the exchange B is on duty

As indicated previously, a call originating at a
substation associated with a line terminating at
the exchange B and intended for a substation as-
sociated with a line extending to the exchange
D is normally routed to the operator’s position
in the exchange A and from this exchange
through the automatic switching apparatus in
the exchange D to the desired substation line
terminating at the exchange D. ‘In special or
emergency cases such a connection may be routed
from the operator’s position in the exchange B
through the automatic switching apparatus pro-

. vided in the exchanges B, C and D to the de-

sired substation line without the intervention as
an operator located in the exchange A. Thus,
if the operator in the exchange B, upon answer-
ing the call forwarded to her position from the
calling substation T: in the manner explained in
this section—Subsection A, is informed by the
calling subscriber that the desired substation is
associated with a line terminating at the ex-
change D, she may cause the desired connection
to be set up by seizing the incoming connector
switch illustrated in Figs. 12 and 13 and there-
after dialing the appropriate line selecting digits.
The connection is progressively forwarded
through the indicated incoming connector switch,
over one of the trunk lines in the group including

‘the trunk line 37, through the repeaters asso-

ciated with the respective ends of the selected

trunk line, through the incoming connector

switch located in the exchange C and associated
with the selected trunk line, over the trunk line
65, through the repeaters 571 and 66, and through

.the incoming connector switch 69 to the desired

called substation line extending to the last-men-
tioned exchange as successive digits of the di-
rectory number designating the called substation
are dialed. More particularly, the connection

-may be forwarded by way of the incoming con-

nector switch illustrated in Figs. 12 and 13, over
the trunk line 32, through the repeater illus-
trated in Figs. 17 and 18, over the trunk line 31
and through the repeater illustrated in Figs. 26
and 27 to the incoming connector switch illus-
trated in Figs. 31 and 32 in the exact manner
described in the preceding subsection with refer-
ence to the call forwarded to the substation Ts.
In the present case, however, since it is necessary
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to transmit the impulses of two or more digits
to the incoming connector switch 68 located in
the exchange D, it is also necessnry Lhat the in-
coming connector switch, {llustrated in Figs. 31
and 32, operate to switch the loop clreutt through
to- the repeater 81 which terminates one end of
the trunk line 65 extending to the exchange D in
order that this repeater may respond to the im-
pulses of the final digits dialed and relay the im-
pulses to the switching ‘equipment located in the
distance exchange D. With the arrangement
illustrated, only the single trunk line 65 is pro-
vided for interconnecting the exchanges C and
D. This trunk line extends between the repeater
66 located in the exchange D and the repeater
57 located in the exchange C, both of which re-
peaters are identical in arrangement with the re-
peater illustrated in Figs. 26 and 27. The incom-
ing connector switches provided in the exchange
C have access to the repeater 87 over the trunk
line 64, which trunk line includes two line con-

ductors and a control conductor terminating at

the respective first contacts of the contact sets
32171, 3214 and 3211 embodied in the bank contact
field of the rotary switch 3250.

After the connection has been routed from the
operator’s position in the exchange B to the in-
coming connector switch illustrated in Figs. 31
and 32, in the manner explained previously, and
the last-mentoined switch is seized, a single digit
of one impulse must be transmitted thereto in
order to cause the switch to select the trunk line
64 extending to the repeater 51.  The manner in
which this switch responds to the one impulse
of the trunk selecting digit is identical with its
mode of operation as explained in the immedi-
ately preceding subsection. At the end of the
digit, the wipers 3251 to 3256, inclusive, of the
rotary switch 3250 are left standing in engage-
ment with their respective associated first con-
tacts so that the test circuit including the lower
winding of the busy test relay R3200 is completed.
If the trunk line 64 is engaged in another call
at the time it is selected by the incoming con-
nector switch, the incoming connector switch
operates to cause busy tone to be returned to
the operator in the exchange B in the exact
manner described in the preceding subsection.
On the other hand, if the trunk line 64 is idle at
the time it is selected, the line switching relay
R3240 is caused to operate in the manner ex-
plained previously. Upon operating, the relay
R3240 completes, at RA3244 and RA3245, its hold-
ing circuit as traced above. At RA3246, the relay
R3240 opens a point in the circuit for energizing
the rotary switch operating magnet 3257, thereby
to prevent further impulses dialed at the calling
operator’s position from causing further opera-
tion of the rotary switch. At RA3243, the relay
R3240 completes a circuit for energizing the
switching-through relay R3100, this circuit ex-
tending from ground at the first contact of the
contact set 3213 by way of the wiper 3252, RA3243,
C3118 and the winding of R3100 to battery.
‘When energized over this circﬁit, the relay R3100
operates to complete, at RA3101 and RA3106 and
their respective associated working contacts, an
uninterrupted metallic loop circuit extending
from the repeater illustrated in Figs. 26 and 27
through the incoming connector switch illus-
trated in Figs. 31 and 32 and over the line con-
ductors of the trunk line 64 to the repeater 57,
thereby to cause the seizure of the repeater 57 in
the manner explained in detail previously with
reference to the corresponding repeater illus-
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trated in Figs. 17 and 18. 'The loop circuit which
is completed in response to the operation of the
relay R3100 may be partially traced as extending
from the negative line conductor of the trunk
line 64 by way of the wiper 325f, RA3241, C3115,
RA3I101, C2890, RA2T(1, C2615, the repcating
transformer winding 2618, RA2613, C26886,
RA2115, the lower winding of R2700, the resistor
2101’, the transformer winding 2619, C2695,
RA2119, C289i, RA3106, C3199, RA3248, the wiper
" 3256 and the first.contact of the contact set 3271
to the opposite positive line conductor of the
trunk line 64. .

When the alternating current repeater 57 is
seized through the completion of the loop cir-
cuit just described, it operates to return ground
potential over the control conductor of the trunk
line 64, thereby to complete a holding circuit
for the relay R3240, which holding circuit may
be traced as extending by way of the grounded
control conductor of the trunk line 64, the wiper
3253, RA3244, RA3245 and the upper winding
of R3240 to battery. The repeater 571 also func-
tions, in the manner explained previously with
reference to the corresponding repeater illus-
trated in Figs. 17 and 18, to transmit a seizing
pulse of alternating current by way of the trunk
line 65 to the repeater 66 located in the distant
exchange D. The last-mentioned repeater re-
sponds to the seizing pulse, in the manner ex-
plained previously with reference to the similar
repeater illustrated in Figs. 26 and 27, by com-
pleting a loop circuit to the incoming connector
switch 69, whereby this incoming connector
switch is seized and conditioned to respond to
the impulses relayed thereto through the re-
peater chain comprising the repeater iliustrated
in Figs. 17 and 18, the repeater illustrated in
Figs. 26 and 27, the repeater 57, and the re-
peater 66. ’

To continue with the operation of the incom-
ing connector switch illustrated in Figs. 31 and
32, when the relay R3100 operates, it opens, at
RA3102 and RA3105 and their respective asso-
ciated resting contacts, two points in the operat-
ing circuit for the line relay R3125. At RA3102
and its associated working contact, the relay
R3100 completes a new circuit for energizing the
line relay R3125, which circuit extends from
ground at the lower terminal of the lower winding
of R3125 by way of this winding, the lower wind-
ing of R3120, RC3116, RA3115, the resistor 3108.
RA3102, RA3I12, RC3113, the upper winding of
R3120 and the upper winding of R3125 to bat-

tery. Due to the relatively high resistance of !

the resistor 3105, the current traversing the cir-
cuit just traced is insufficient to maintain the
line relay R3125 operated but is of sufficient mag-
nitude to- delay the release of the line relay
R3125 for a substantial time interval. At
RA3103, the relay R3100 opens a point in the
operating circuit for the relay R3130, thereby to
cause the sequential restoration of R3130 and
R3140. At RA3103, the relay R31{00 also opens
a point in the circuit, traced previously, fer encr-
gizing the rotary switch operating magnet 3257.
At RA3104, the relay R3100 opens a point in the
previously traced alternative operating circuit for
the relay R3{55. When the relay R3140 falls
back, it opens, at RA3141, a point in the com-
mon portion of the respective holding circuits for
the two relays R3150 and R3155, whereby both
of these relays are caused to restore. Following
the restoration of the relays R3125, R3130, R3140
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and R3150, no further relay operations occur in 75

the incoming connector switch illustrated in Figs.
31 and 32 until the connection is released.

As indicated above, the impulses of the final
two or three line selecting digits dialed at the
operator’s position in the exchange B are relayed
through the operated repeater chain to the in-
coming connector switch 69 located in the distant
exchange D. This incoming connector switch is
of identical arrangemenf{ with that shown in
Figs. 31 and 32 and responds to the impulses
transmitted thereto by selecting the desired
called subscriber’s line as for example the line
14 extending to the called substation T7. In this
case, as in the case of the incoming connector
switch illustrated in Figs. 31 and 32, the opera-~
tion of the incoming connector switch 69 is differ-
ent depending upon the character of the line
being called. Thus, if the called line is of the
single party or duplex type, such, for example,
as the line 74, only two series of impulses are
transmitted to the incoming connector switch
69. On the other hand, if the called line is of
the multiplex type, three series of impulses are
transmitted to the switch 68, the third series of
impulses being repeated by the switch 69 to the
line selecting apparatus individually associated
with the selected subscriber’s line. After the
called line is selected, it is tested to determine
the idle or busy condition thereof. If the line is
occupied with another call, busy tone is returned
over the connection to the operator’s position in
the exchange B. After receiving busy tone, the
operator may cause a toll offering connection
to be established to the busy called line in a
manner which will be clearly aparent in view
of the general description appearing in Section I
and the detailed description appearing in the
immediately preceding subsection of the specifi-
cation. If the selected line is found to be idle,
ringing c¢urrent is projected over the called line
to signal the called substation. Assuming that.
the called line is idle, the incoming connector
switch 69 operates to reverse battery over the
trunk line extending to the repeater 66 when
the call is answered at the called substation.
This repeater responds to the battery reversal
by operating to transmit a supervisory pulse of
alternating current over the trunk line 65 to the
alternating current repeater 57. The last-men-
tioned repeater, in turn, responds to the super-
visory pulse of alternating current by reversing
battery back over the trunk line 64 and through
the incoming connector switch shown in Figs.
31 and 32 to the repeater shown in Figs. 26 and
27. When battery is reversed over the line con-
ductors of the trunk line 61, the repeater shown
in Figs. 26 and 27 operates to transmit a super-
visory pulse of alternating current by way of
the trunk line 37 {o the repeater shown in Figs.
17 and 18, causing the last-mentioned repeater
to reverse battery over the trunk line 32 and
through the incoming connector switch shown in
Figs. 12 and 13 and thus cause the operation of
the supervisory relay R790 embodied in the op-

erator’s position equipment located in the ex-.

change B. When this relay operates the super-
visory lamp 511 is deenergized and the operation
of the signal device 535 is arrested so that the
operator is informed that the desired connection
is fully established.

. If, after the connection is fully established to
the called substation T4, the called party desires
to resignal the operator in the distant exchange
B, he may do so by operating the hook switch
provided at the called substation up and down,
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in the usual manner, one or more times, thereby

“momentarily to interrupt the loop circult ex- .
. tending from theé incoming connector switch €9

to the called substation. The four repeaters 66,
51, 50 and 24 respond to the momentary inter-
ruptions of the loop circuit extending to the
called substation, in-the manner explained in the
preceding subsection, to cause the restoration
and operation of the supervisory relay RT90.
Thus, each time the indicated loop circuit is
opened and closed, the four enumerated repeat-
ers cooperate to cause the momentary restora-
tion of R190, which relay, upon restoring, com-
pletes the circuit for energizing the signal lamp
511 and the relay R530, whereby the lamp 511 is
energized and operation of the signal device 535
is initiated. At the end of the conversation and
when the connection is cleared out at the called
substation T+, the four enumerated repeaters
again cooperate to cause the restoration of the
relay R190. At this time, the indicated relay re-
mains in its restored position so that the lamp
511 is continuously energized and the signal de-
vice 535 continuously operates, whereby a dis-
connect signal is given to the operator in the
exchange B. The same disconnect signal is given
to the operator, in the manner explained previ-
ously, when the connection is cleared out at the
Also, the operated switch
train by way of which the connection is routed
from the calling substation T: to the operator’s
position in the exchange B is released in the ex-
act manner set forth in the preceding subsection.

- 'The repeater illustrated in Figs. 17 and 18, the

repeater illustrated in Figs. 26 and 27, and the
incoming connector switch illustrated in Figs.
12 .and 13 are released in the manner previously
explained when the operator in the exchange
B clears out the connection. During the release
of the repeater 50 illustrated in Pigs. 26 and 27
and when the relay R2710 restores, the pre-
viously traced loop circuit extending through the
incoming connector switch of Figs. 31 and 32 to
the repeater 57 is interrupted. When this loop
circuit is opened, the repeater 57 is released, in
the manner explained in the preceding subsec-
tion with reference to the repeater shown in
Figs. 17 and 18." During the release of this re-
peater, a relatively long release pulse of alternat-
ing current is transmitted by way of the trunk
line 65 to the repeater 66. During its release, the

" repeater 5T also removes ground potential from

the control conductor of the trunk line 64, there-
by to deenergize the line switching relay R3240.
When the last-mentioned relay restores, it opens,
at RA3243, the operating circuit for the switch-
ing-through relay R3100, which latter relay, up-
on restoring, completes at RA3103, and RA3104,
the previously-traced circuit for energizing the
lower winding of R3150 in series with the wind-
ing of R3155. When the relay R3155 operates it
completes the previously traced circuit for en-
ergizing the rotary switch operating magnet 3251
by way of the circuit interrupting contacts asso-

_clated with the armature 3258. Thus, the rotary

switch 3250 is caused to operate buzzer fashion
to return the wipers 3250 to 3256, inclusive, to
their respective home positions, at which time
the relays R3150 and R3155 are deenergized and

" restore and the operating circuit for the magnet

3251 is opened. Thus, the incoming connector
switch illustrated in Figs. 31 and 32 is fully re-

" leased. When the alternating current release

pulse is transmitted from the repeater 51 over

_ the trunk line 65 to the repeater 66, the last-
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mentioned repeater is released, in the manner
explained in the preceding subsection with refer-
ence to the similar repeater shown in Figs. 26
and 27. During the release of the repeater 66,
the loop circuilt extending to the operated incom-
ing connector switch 69 is opened and this in-
coming connector switch is restored to normal
in the manner explained previously with refer-
ence to the corresponding incoming connector
switch of Figs. 31 and 32. Thus, the connection
from the operator’s position in the exchange B
to the desired called substatlon is completely re-
leased.

SussectioN F.—Eztension of the connection by
way exchanges B, C and D to the operators
position 10 in the e:cchange A

As indicated in Section 1 of the specification,
the connection as routed to the operator’s posi-
tion in the exchange B may be extended by way of ..
the automatic switching apparatus in the ex-
changes B, C and D, respectively, and the trunk
line 13 to the operator’s position 10 in the ex-
change A. Normally, this method of routing the
connection from the exchange B to the exchange
A {s not necessary, since one of the trunk lines in
the group including the line 12 may be utilized
for forwarding the connection from the exchange
B directly to the exchange A. In cases of emer- -
gency, however, when the trunk lines of the group
including the line 12 may be out of service, the
alternative routing of calls through the exchanges
C and D to the exchange A may be necessary.
The manner in which the connection is forwarded
from the operator's position in the exchange B,
through the switching equipment in the exchange
C, over the trunk line 85 and through the alter-
nating current repeater 66 to the incoming con-
nector switch 69 is exactly the same as described
in the preceding sub-section of this section. Fol-
lowing seizure of the incoming connector switch
69, a single digit of one impulse is dialed at the
operator’s position in the exchange B, this im-
pulse being repeated through the repeater chain
comprising the repeaters 24, 50, 57 and 66 to the
incoming connector switch 69 to cause the wipers
of this switch to be operated into engagement
with the contacts terminating the trunk line ex-
tending to the repeater 12, Thus, the repeater
12 is seized and a loop circuit is completed be-
tween this repeater and the repeater 66. When
the repeater 12 is seized by the incoming con-
nector switch 69, it operates to transmit a seizing
pulse of alternating current by way of the trunk
line 13 to the equipment 10y provided at the op-
erator’s position 10 in the exchange A. The
equipment 10, provided at this position is in all
respects identical with the equipment (0. and
shown 'in Fig. 4, the operation of which is ex-
plained in this section-—Subsection C. More par-
ticularly, the equipment {8, provided at the op-
erator’s position 0 responds to the seizing pulse
of alternating current transmitted by way of the
trunk line I3 by causing the line signal lamp
embodied in the apparatus 10, to be illuminated
to signal the operator that an incoming call
awaits attention. 'When the operator at the po-
sition 10 answers the call by inserting her line
connecting and answer plug in the answer jack
included in the apparatus 10y, this apparatus op-
erates to cause a supervisory pulse of alternating
current to be transmitted back over the trunk
line 13 to the alternating current repeater 72.
The last-mentioned repeater responds to  the
supervisory pulse of alternating current by re-
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versing battery back through the incoming con-
nector switch 69 to the repeater 66, which latter
repeater responds, in the manner explained above,
to cause a supervisory pulse of alternating cur-
rent to be transmitted by way of the trunk line
65 to the alternating current repeater $1. The
repeater 57, in turn, reverses battery back over
the trunk line 68 and through the incoming con-
nector switch §3 to the alternating current re-
peater 50 illustrated in Figs. 26 and 27. The re-
peater 50 responds. to the reversal of battery there-
to by transmitting a supervisory pulse of alternat-
ing current over the trunk line 371 to the re-
peater 24 located in the exchange B and illus-
trated in Figs. 17 and 18. Finally, the repeater
24 responds to the last-mentioned supervisory
pulse of alternating current by reversing bat-
tery through the incoming connector switch of
Figs. 12 and 13 to the apparatus provided at the
operator’s position in the exchange B, whereby
the relay R190 is caused to operate to open the
circuit for energizing the signal lamp §41. Thus,
when the call is answered at the operator’s posi-
tion 10, the supervisory lamp 511 is deenergized
to indicate to the operator in the exchange B
that the call has been answered. After the con-
nection has been routed to the operator’s posi-
tion 10 in the exchange A, it may be extended
to the desired called substation in the manner
conventionally followed in manual office practice.
The release of the operated switch train by
way of which the connection is set up between
the operator’s position in the exchange B and the
operator’s position in the exchange A is partially
under the control of the operator in the exchange
B and partially under the control of the operator
at the position 10 in the exchange A. Thus,
when the operator in the exchange B clears out
. the connection by restoring the connect keys to
normal, the incoming connector switch fllustrated
in Figs. 12 and 13, the repeater 24 illustrated in
Figs. 17 and 18, the repeater 50 shown in Figs.
26 and 27, the incoming connector switch 53
shown in Figs. 31 and 32, the repeater §7, and
the repeater 66 are all released in the manner ex-
plained in the preceding subsection. The equip-
ment provided at the operator’s position 10, the
alternating current repeater 12 and the incoming
connector switch 69, on the other hand, are only
released when the operator at the position 10
in the exchange A withdraws her line connect-
ing plug from the answer: jack embodied in the
apparatus 0. When this operation is per-
formed, the apparatus 100 and the alternating

current repeater 12 are released in the exact °

manner described in this section—Subsection C
with reference to the apparatus (0s, shown in
Fig. 4 and the repeater illustrated in Figs. 10 and
11. During the release of the repeater 12, ground
potential is removed from the control conductor
embodied in the trunk line extending from the
incoming connector switch 69 to the repeater 72,
so that the operated relays in this connector
switch and corresponding to the relays R3100 and
R3240 of the incoming connector switch §3 are
caused to restore to initiate the release of the
connector switch 69 in the manner explained in
this section-——Subsection E.

SUBSECTION G.— Extension of the comnection
through the erchange A to a substation asso-
ciated with a line terminating at exchange D
As pointed out in the preceding subsection,

calls initiated at substations associated with
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_for substations associated with lines terminating

at the exchange D are normally routed to an
operator’s position in the exchange A and are
completed ‘with the assistance of the operator
in the exchange A who answers the call. For
example, if the call initiated at the substation T1
and forwarded to the operator’s positicn in the
exchange B is Intended for the substation Tq7
associated with the line 714 terminating at the
exchange D, the operator who answers the call
in the exchange B may forward the connection
to an operator’s position in the exchange A in
the manner explained in this section—Subsec-
tion B. assuming that the call is routed to the
exchange A over the trunk line 12 to the equip-
ment 10, provided at the operator’s position 10,
the.operator who answers the call may forward
the connection to thé desired called substation by
utilizing the equipment 10s which terminates the
inter-office trunk line 13. More particularly,
the connection may be forwarded from the an-
swering operator’s position in the exchange A
to the desired called substation T7 in the ex-
change D in the exact manner-described in Sec-
tion 9—Subsection D. The manner in which the
incoming connector switch 67, by way of which
the connection is routed to the called line 74,
operates to select the called line and to perform
the auxiliary functions incident to the comple-

- tion of the connection is exactly the same as

described previously in this section—Subsection C
with reference to the corresponding incoming
connector switch shown in Figs. 31 and 32.

SussecrioNn H.-—Extension of the connection from
the operator’s position in the exchange B to
a substation associated with a line terminating
at the exchange F

If the call; as initiated at the substation T
and extended to the operator’s position in the
exchange B, is to be forwarded.to a substation
associated with a line extending to the exchange
F, the operator in the exchange B may cause
the desired connection to be set up by first oper-
ating the switch 707 embodied in the apparatus
associated with the trunk line 42 to its off-normal
position to seize the trunk line 42 and thereafter
dialing the appropriate digits of the directory
number designating the called substation. More
particularly, when the switch 707 is operated to
its off-normal position, the line terminals of the
repeating transformer windings 116 and TI7 are
connected to the line conductors C541 and C5%48
of the link line 553 and the springs 711 are closed
to complete an ohvious circuit for energizing ihe
relay R7145 in parallel with the busy lamp 760.
At the springs 709, a circuit, extending by way
of €546, is completed for energizing the trans-
mitter 500 in series with the transformer wind-
ing 505 and the retard coil 507. At the springs
110, a circuit, traced hereinafter, is prepared for
energizing the relay R130. The relay R145, upon
operating, completes, at RA147, an obvious cir-
cuit for energizing the upper. winding of the
relay R140 and prepares, at RAT46, a circuit,
traced hereinafter, for energizing the supervisory
lamp 511 in series with the winding of the relay
R530. At RAT48, the relay R145 connects the
lower winding of RT40 in series with the resistor
137 across the line conductors of the trunk line
42 extending to the exchange F, thereby to com-
plete a loop circuit to the incoming connector
switch provided in the exchange F and termi-
nating the distant end of the trunk line 42.
More particularly, this loop circuit may be par-

21
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tié,lly traced as extending by way of the upper
conductor of the trunk linie 42, the switch springs
824 and 825, CB839, RAT32, RC135, the trans-

- former winding 119, the resistor 7131, the lower

winding of R740, RAT48. the transformer wind-
ing - T2f, RCT136, RAT34, C880 and the switch
springs 828 and 8271 to the opposite line con-
ductor of the trunk line 42, The resulting seizure
of the incoming connector switch terminating
the distant end of the trunk line 42 results in
the conditioning of this switch to respond to the

" - operation of the calling device 508 provided at

the operator’s position in the exchange B. The
differentially wound relay RT40 operates, when its
lower winding is energized over the above-traced
loop circuit and, upon operating, opens, at RAT#I,
a point in the circuit for energizing the super-

visory lamp 511 in series with the winding of

the relay R530. As previously explained, during
each back stroke of ‘the dial embodied in the

~device 508, the shunt springs 509 are closed to

complete the previously traced operating cir-

10

20

cuit for R540, which relay, upon operating, com- .

pletes, at RA542, the previously mentioned cir-
This circuit may. be
traced as extending from ground by way .of the
shunt springs 508, RA542, Cb548, the switch
springs ‘110 and the winding of R130 to battery.
Upon operating, the relay R130 disconnects the
line conductors C839 and C840 of the link line
833 from the line terminals of the repeating
transformer windings 719 and 721 and connects
the indicated line conductors to the pulsing
springs 510 of the calling device 508. During the

back stroke of the dial embodied in the calling |

device 508, the springs 5{0 are opened a num-
ber of times to interrupt the loop circuit extend-
ing to the seized incoming connector switch pro-
vided in the exchange F, the number of inter-
ruptions being determined by the particular digit
dialed. At the end of each back stroke of the

o
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dial, the shunt springs 509 are opened to in-"-

terrupt the operating circuit for the relay R540

‘and the above-traced operating circuit for the

relay R130. The relay R130, upon restoring, dis-
connects the conductors of the link line 833 from
the pulsing springs 518 and reconnects these
conductors to the line terminals of the trans-
former windings 719 and 121. The operated in-
coming connector switch in the exchange F re-
sponds to the impulses of the first digit by select-
ing a particular group of lines including the called
line, while the impulses of the second digit serve
to cause the incoming connector switch to select
the called line from the selected group of lines.

If the desired substation is associated with a line
of the multiplex type, a third series of impulses is
.transmitted by way of the trunk line 42 to the

incoming connector switch in the exchange F,
and the impulses of this series are repeated by

the control apparatus provided in the operated

incoming connector switch to the station select-

ing apparatus associated with the selected line.

The arrangement of the operated incoming con-

" nector switch provided in the exchange F is simi-

lar to that of the switch illustrated in Figs. 31
and 32 and described previously in that it per-
forms the usual functions of testing the called

.line to determine the idle or busy condition there-

of, returning busy tone over the calling loop to
signal the calling operator in the event the called
line is busy, and projecting ringing current over
the selected called line to energize the signal

.device at the called substation in the event the
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-If the called line is busy, the operator may cause

a toll offering connection to be established to the
called line by operating the toll offering switch
153’ to unbalance the loop circuit extending to
the operated incoming connector switch provided
in the exchange F. The manner in which this
incoming connector switch operates to establish
the toll offering connection is similar to the oper-
ation of the incoming connector switch of Figs
31 and 32 to establish a similar type of connec-
tion. When the call is answered, the incoming

.connector switch provided in the - exchange F .

functions to reverse battery back over the trunk
line 42, thereby to reverse the direction of current
flow through lower winding of the differentially
wound relay RT40. The two windings of this
relay are now cumulatively energized so that the
relay operates to open a point in the previously-
mentioned circuit for energizing the supervisory
lamp 511 in series with the winding of R530. In
order to complete the desired conversational cir-
cuit between the calling ahd called substations,:
the operator in the exchange B may utilize one
of the link lines, as, for example, the line 552,
to establish a tie or jumper connection between
the established talking circuits extending to the
calling and called substations. 'If the link line
552 is used for this purpose, the two line con-
necting switches 658 and 701 ‘are operated to the
off-normal position so that the line terminals of
the transformer windings 651 and 652 are con-
nected by way of the conductors C688 and C689
to the line terminals of the two transformer
windings T16 and T11. When the switch 701 is
operated to its off-normal position, the springs
704 are closed to complete an obvious alternative
circuit for maintaining the busy lamp 760 and
the relay R145 energized. At the springs 703
a point is prepared in the above-mentioned cir-
cuit for energizing the supervisory lamp 5t1 in
series with the winding of the relay R530. Fol-
lowing the completion of this tie connection and
the answering of the call at the called substa-
tion, the desired talking circuit between the call-
ing and called substations is fully established.
After the tie connection described above is com-
pleted, the operator may restore the two call
and answer switches 666 and 707 to normal so
that the link line 553, extending to the oper-
ator’s telephone equipment, is released.

At the end of the conversation and when the
connection is cleared out at either the calling
or the called substation, the supervisory lamp
511 is illuminated to give the operator in the
exchange B g disconnect, signal. The manner in-
which this lamp is energized when the calling
party at the substation T: hangs up is explained
in this section—Subsection D. When the con-~
nection is cleared out at the called substation, the
operated incoming connector switch provided in
the exchange F again operates to reverse battery
back over the trunk line 42, thereby to reverse
the polarity of the current traversing the lower
winding of R740. This relay is now differentially
energized and restores to complete, at RAT41, the
gbove-mentioned circuit for energizing the sig-
nal lamp §tf in series with the winding of the -
relay R530, this circuit extending from ground
at RAT46 by way of RAT&I, the switch springs
103, C543, the filament of the lamp 511 and .the
winding of R530 to battery. The resulting con-
tinuous illumination of the lamp 5ff indicates
to the operator that the connection is no longer
desired. As expldained previously, if the key
switch 513 occupies its off-normal position, the
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visual signal provided by the lamp 511 is supple-
mented by the operation of the buzzer 535, which
buzzer is energized in response to the operation
of the relay R530.

The release of the switching equipment utilized
in extending the connection from the calling sub-
station T1 to the operator’s position in the ex-
change B is accomplished in the manner ex-
plained in this section—Subsection D. The re-
lease of the switch train, by way of which the
connection is routed from the operator’s posi-
tion in the exchange B to the called substation
in the exchange F, is under the control of the
operator in the exchange B. More particularly,
when the operator restores the switch 701 to nor-
mal, the springs 104 are opened to interrupt the
parallel circuit for energizing the busy lamp 160
and the relay R145. Also, when the two key con-
trolled switches 70t and 658 are restored to nor-
mal, the link line 552 is released for further use.
When the relay R145 restores, it interrupts, at
RAT141, the circuit for energizing the upper wind-
ing of R148 and opens, at RAT48, a point in the
loop circuit extending by way of the trunk line 42
to the operated incoming connector switch lo-
cated in the exchange F. This incoming con-
nector switch is released in response to the inter-
ruption of the loop circuit in the manner ex-
plained above with reference to the incoming con-
nector switch shown in Figs. 31 and 32. Thus, the
connection is entirely released.

SussecTION-I—Extension of the connection from
the operator’s position in the exchange B to a
substation associated with a line terminating at
the exchange E

If the call initiated at the substation Ti and
forwarded to the operator’s position in the ex-
change B is to be extended to a substation, as,
for example, the substation Ty, associated with a
line terminating at the exchange HE, the oper-
ator may cause the desired connection to “be
established by seizing the incoming connector
switch illustrated in Figs. 12 and 13 in the manner

explained in this section—Subsection D, and -

thereafter dialing the appropriate line selecting
digits. The indicated incoming connector switch
responds to the impulses of the first two digits
dialed by the operator, in the manner set forth in

Subsection D of this section, to select a trunk line -

extending to an idle repeater in the group in-
cluding the repeater 20. If it be assumed, for
example, that the line 31 is the first available
idle trunk line in this group, the rotary move-

ment of the wipers embodied in the switching
mechanism (370 is arrested when these wipers.

are positioned upon the contacts terminating the
conductors of the trunk line 3i. Following the
selection of this line, the incoming connector
switch of Figs. 12 and 13 operates to switch the
calling loop circuit through to the repeater 20,
thereby to energize the line relay RI1655. One
branch of the calling loop circuit may be par-
tially traced as extending from ground at the
lower terminal of the upper winding of RI655
by way of this winding, the upper winding of
RI630, RC1629’ and RAI1629 to the trunk line
conductor C1682, while the opposite branch of
the loop circuit may be partially traced as extend-
ing from battery at the upper terminal of the
lower winding of RI1655 by way of this winding,
the lower winding of R1630, RC1626 and RA1625
- to the opposite trunk line conductor Ci681. Upon
operating, the relay R1655 completes, at RA1658,
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hold relay RI1660 and prepares, at RA1881, a loop
circuit extending to the incoming connector
switch shown in Pigs. 24 and 25 and located in
the exchange E. The hold relay R{680, upon
operating, completes, at RAI661, an obvious path
for Impressing ground potential upon the control
conductors CI1683 and C1686 of the trunk lines
31 and 38, respectively, thereby to maintain these
trunk lines marked as busy in the bank contacts
of the connector switches having access thereto
and to prevent the release of the operated in-
coming connector switch illustrated in Figs. 12
and 13. At RAI662, the relay R1660 completes
an obvious circuit for energizing the slow-to-
release line switching relay RI1665, causing the
last-mentioned relay to operate and complete, at
its armatures RA1666 and RA1667, the above-
mentioned loop circuit extending by way of the
trunk line 31 to the incoming connector switch
of Figs. 24 and 25. At RA1662, the relay RI660
also completes an obvious circuit for energizing
the polarizing winding of the electropolarized
relay R1640, but the last-mentioned relay does
not operate at this time. The loop circuit ex-
tending to the incoming connector switch of Figs.
24 ard 25 may be traced as extending from ground
at the lower terminal of the lower. winding of

R2420 by way of this winding, the lower wind- .

ing of R2415, RA2414 RA2403, C2471, RAI667,
RAI1657, the transformer winding 1674, the left
winding of R1640, the transformer winding 1613,
RAI666, C2476, RA2404, RA2412, the upper wind-
ing of R2415 and the upper winding of R2428 to
battery. Due to the direction of current flow
through the left winding of the polarized relay
R1640, this relay does not operate at this time.
Also, the relay R2415, which is of the differen-
tially wound type, does not operate when both
of its windings are energized over the loop circuit
just traced. The line relay R2420, however, op-
erates to open, at RA2422, g point in the circuit,

traced-hereinafter, for energizing the two relays
R2440 and R2450 and the operating magnet 2561
of the rotary switch 2550. At RA2423, the relay
R2420 prepares a path, traced hereinafter, for
impressing negative battery potential upon the
positive line conductor of a selected called line.
At RA2421 and its associated working contact,
the relay R2420 completes an obvious circuit for
energizing the slow-acting hold relay R2425,
which latter relay now operates to open, at
RA2426, one of the multiple paths for impressing
ground potential upon the all-switch-busy con-
ductor C2404 and to complete, at RA2421, an ob-
vious circuit for energizing the relay R2430. The
relay R2430, upon operating, opens, at RA2432 and
its associated resting contact, a point in the cir-
cuit, traced hereinafter, for energizing the relay
R2400 and completes, at RA2432 and its asso-
ciated working contact, an obvious path for im-
pressing ground potential upon the control con-
ductor C2409, thereby to mark the incoming con-
nector switch of Figs. 24 and 25 as busy in the
contacts of the switching selector repeaters hav-

5 ing access thereto. At RA2431, the relay R2430

prepares holding circuits for certain of the re-
lays mentioned hereinafter and, at RA2433 and
RA2434, it prepares points in the above-mentioned
circuit for energizing the rotary switch operating
magnet 256! in parallel with the two relays
R2440 and R2450. At RA2434’, the relay R2430
opens a point in the circuit, traced hereinafter,
for energizing the relay R2435. Following the
operation of the relay R2430, the incoming con-

an obvious circuit for energizing the slow-acting 7% nector switch illustrated in Figs. 24 and 25 and

S
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provided in the exchange E is conditioned to re-
spond to the third series of impulses dialed at
the calling operator’s position in the exchange
B. During operation of the calling device pro-
vided at the operator’s position, the calling loop
circuit, which is now extended through to the re-

* peater 20, is interrupted in the usual manner to

cause the alternate restoration and operation of
the line relay R1655. More particularly, this re-
lay restores during the open circuit period of each
impulse dialed at the calling substation and in-
terrupts, at RA1651, the loop circuit extending to

the operated incoming connector switch of Figs.

24 and 25. At RA!656, the relay RI650 opens
the operating circuit for the hold relay RI660,
but the last-mentioned relay, due to its slow-to-
release characteristic, remains operated during
impulsing.

Each time the lsop circuit extending by way
of the trunk line 31’ to the incoming connector
switch of Figs. 2¢ and 25 is interrupted, the
line relay R2420 restores. When the relay R2420
restores at the beginning of the first impulse of
the first series of impulses transmitted over the
trunk line 31’ to the incoming connector switch,
it opens, at RA2421, the operating circuit for the
hold relay R2425 and completes, at RA242! and
RA2422 and their associated resting contacts, the
above-mentioned circuit for energizing the wind-
ing of R2440 in parallel with the lower winding
of R2450 and the winding of the rotary switch
operating magnet 256{. This circuit may be
traced as extending from ground at RA2421 by
way of RA2433 to RA2463, where it divides, one
branch extending through the lower winding of
R2450 to battery, a second branch extending
through the winding of R2440 to battery, and
the third branch extending by way of RA2422,
RA2434, C2488, RA2536 and the winding of the
magnet 2561 to battery. When energized over this
circuit, the two relays R2440 and R2450 both
operate. The operating magnet 2561 also oper-
ates to condition the associated ratchet and pawl
mechanism to step the wipers of the rotary switch
2550 to their respective first off-normal posi-
tions. Upon operating, the relay R2440 com-
pletes, at RA2441, an obvious holding eircuit for
the relay R2450 and completes, at RA2442, an
obvious path shunting the armature RA2463 of
the busy test relay R2460. The relay R2450, upon
operating, opens, at RA2451, a point in the cir-
cuit, traced hereinafter, for energizing the lower
winding of the line switching relay R2530 and
prepares, at RA245{ and RA2452, a circuit, traced
hereinafter, for energizing the busy test relay

R2460. At RA 2454 and RA2455, the relay R2450 -

completes a circuit for energizing the two relays
R2405 and R2435, this circuit extending from
ground at RA2431 by way of C2481, RA2534,
C2485, RA2455, RA2454, C2492, the test wiper
2554 and its associated twenty-fifth contact,
C2494, RA2439, the lower winding of R2485 and
the winding of R2435 to battery. When its lower
winding is energized over the circuit just traced,
the relay R2405 operates to complete, at RA2406,
a holding circuit for itself, which holding circuit
extends from ground at RA2431 by way of RA2406
and the upper winding of R2405 to battery. At
RA2408, the relay R2405 prepares a cireuit, traced
hereinafter, for energizing the relay R2510. The
relay R2435, upon operating, completes, at
RA2438 and RA2439, a holding circuit for itself,
which circuit may be traced as extending from

- ground at RA2431 by way of C248i, RA2534,
C2485, RA2455, RA2454, RA2438, RA2439, the
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lower winding of R2405 and the winding of R2435
to battery. Following the completion of this
holding circuit, the relay R2435 opens, at RA2439
and its associated resting contact, a point in its
operating circuit as traced above. At RA2436,
the relay R2438 opens a point in the circuit,
traced hereinafter, for energizing the lower wind-
ing of the busy test relay R2460. - At RA2437,
the relay R2435 prepares a point in an alterna-
tive circuit, traced hereinafter, for energizing the
rotary switch operating magnet 2561,

At the end of the open circuit period of the
first impulse, when the line relay R2420 is caused
to reoperate, the operating magnet 2561 is deen-
ergized and, in cooperation with its associated
ratchet and pawl mechanism, steps the wipers of
the rotary switch 2550 from their respective home
positions to their respective first off~normal posi-
tions. Similarly, during each succeeding impulse -
of the first impulse series transmitted to the
incoming connector switch of Figs. 24 and 25,
the operating magnet 2561 of the switch 2550 is
alternately energized and deenergized to drive
the wipers 2851 to 2558, inclusive, over the con-
tacts of their respective assoclated contact levels
until, at the end of the first impulse series, the
wipers are left standing in engagement with the
contacts which correspond to the number of im-
bulses in the series. During this series of im-
pulses, the relay R2440, due to its slow-to-release
characteristic, is held operated to maintain the
relay R2450 energized.

In the illustrated arrangement of the in-
coming connector switch of Figs. 24 and 25, the
lines terminating at the bank contacts of the
rotary switch 2850 are divided into three groups. -
The first off-normal position of this rotary
switch represents the preliminary or starting po-
sition for the selection of lines in the first line
group, the lines of this group being terminated
at’ the contact sets - numbered from 2 to 8, in-
clusive. The ninth off-normal position of the
switch represents the preliminary or starting
position for the selection of lines in the second
line group, the lines of this sccond group be-
ing terminated at the contact sets humbered from
10 to 18, inclusive. The twentieth -off-normal
position of the rotary switch is reserved as the
preliminary or starting position for the selec-
tion of the lines of the third group, which lines
are terminated at the contact sets numbered
from 21 to 25, inclusive. Finally, the twenty-
fifth set of contacts embodied in the rotary
switch 2550 represents the home or normal po-
sition of the switch., With this arrangement,
a first impulse series, comprising a single . im-
bulse, followed by a second series of from one
to seven impulses, dependihg upon the line be-
ing called, must be transmitted to the incom-
ing connector switch in order to select a sub-
scriber’s line in the first line group. If the de-
sired line is in the second group of subscribers’
lines, a first series of two to nine impulses, fol- -
lowed by a second series of from one to ten im-
pulses must be transmitted to the incoming con-
nector switch for the purpose of causing the
wipers of the rotary switch 2550 to be operated
into engagement with the contacts terminating
the called line. In order to select a line in the
third group of lines, a first series of ten im-
pulses, followed by a second series of from one
to five impulses, depending upon the, line being
called, are required to cause the desired line
selection to be performed on the part of ‘the
incoming connector switch,
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In the call under consideration, if the line
16 extending to the called substation Ty is as-
sumed to be the third line in the first group
of lines, a first impulse series comprising a single
impulse, followed by a second impulse series
of three impulses, must be transmitted to the
incoming connector switch of PFigs. 24 and 25 in
order to cause the wipers 2551 to 2555, inclusive,
to be operated into engagement with the contacts
terminating the conductors of the called line.
At the conclusion of the first impulse series,
thercfore, the enumerated wipers are left stand-
ing in engagement with their respective associ-
ated first contacts. During the inter-digit pause
hetween the first and second series of -impulses
transmitted to -the incoming connector switch,
the line relay R2420 is held operated for a suffi-
cient time ‘interval to permit the slow-acting
relay R2440 to restore. Upon restoring, the relay
R2840 opens, at RA2441, the holding circuit for
R245% and interrupts, at RA2442, a point in the
previously traced alternative circuit for energiz-
ing the rotary. switch operating magnet 2561.
When the relay R2450 restores, it opens, at
RA2451 and RA2452, a point in the circuit for
energizing the busy test relay R2460 and repre-
pares, at RA2451, the above-mentioned circuit for
energizing the line switching relay R2530. At
RA2454 and RA2455, the relay R2450 inter-
rupts the previously traced holding circuit for
the rclay R2435, permitting the last-mentioned
relay to restore. Following the restoration of
R2435, the control apparatus embodied in the
incoming connector switch of Figs. 24 and 25 is
conditioned to respond to the second series of
impulses transmitted thereto.

During the impulses of the second series, the
line rclay R2420 operates repeatedly to complete
the previously traced operating circuit for the
maghet 2561 so that the wipers of the rotary
ewitch 2550 are moved over their respective as-
sociated contacts at the rate of one step for each
impulse. Hence, at the conclusion of the sec-
ond series of impulses, the wipers are left stand-
ing in engagement with the contacts terminat-
ing the conductors of the desired called line.
The two relays R2440 and R2450 are caused to
reoperate at the beginning of the first impulse
of the second series and remain operated until
shortly following the end of the impulse series.

Before describing the operation of the incom- )

ing connector switch to test the called line for
the purpose of determining the idle or busy con-
dition thereof, the mode of operation of this
switch to select lines of the second and third line
groups will briefly be considered. In this regard,
it is pointed out above that, to select a line in the
sccond group of lines, a first .impulse series of
two or more impulses must be transmitted to the
switch so that, at the end of the series, the wipers
2551 to 2555, inclusive, occupy positions inter-

mediate their first and tenth off-normal posi-

tions. With the wipers occupying one of these
intermediate positions, a circuit is completed,
during the interdigit pause between the first and
second secries of impulsés transmitted to the
switch and in response to the restoration of the
relay R2450, for energizing the operating magnet
2561 by way of the circuit interrupting contacts
associated with the armature 2562. Also, an
allernative holding circuit is completed for main-
taining the relay R2435 energized. This alterna-
tive holding circuit for R2435 may be traced as
extending from ground as connected to the
multtipled contacts numbered from 2 to 8, inclu-
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sive, of the contact level associated with the test
wiper 2554, by way of this wiper, C2492, RA2438,
RA2439, the lower winding of R2405 and.the
lower winding of R2435 to battery. The circuit
for energizing the rotary switch opsrating mag-
net 256! may be traced as extending by way of
the grounded test wiper 2554, C2492, RA2454,
RA24317, C2488, the armature 2562 and the wind-
ing of the magnet 2561 to battery. Due to the
circuit interrupting action of the armature 2562,
the operating magnet 2561 operatles, buzzer
fashion, to drive the wipers of the rotary switch
2550 until they are moved to the preliminary or
starting position for the selection of lines in the
second group, which position, in the arrangement
illustrated, comprises the ninth off-normal posi-
tion of the switch. When the test wiper 2554
is moved to this ninth off-normal position. it is
disconnected from ground to interrupt the alter-
native operating circuit for the magnet 2551 and
to open a point in the above-traced alternative
holding circuit for the relay R2435. Thus. the
operation of the magnet 2561 is arrested and the
relay R2435 is caused to restore. The manner
in which the wipers of the switch 2559 are oper-
ated from the ninth off-normal position to a
position corresponding to a desired line in the
second group is exactly the same as set forth
above with reference to the operation of the in-
coming . connector switch to select the line 16
included in the first line group.

As indicated above, in the event the desired
called line is included in the third group of lines
terminating at the contact sets numbered from
21 to 24, inclusive, of the switch 2550, a first
series of ten impulses is transmitted to the in-
coming connector switch so that the wipers of
the rotary switch 2550 are operated to their re-
spective tenth off-normal positions. It will be
observed that the tenth to nincteenth contacts
of the level associated with the test wiper 2554
are also multipled together and connected to
ground so that the above-traced alternative
holding circuit for R2435 and the alternative
operating circuit for the rotary switch operating
magnet 2561 are completed during the interdigit
pause between the first and seccond series of
impulses and in response to the restoration of
the relay R2450. Thus, the magnet 2561 is
caused to operate, buzzer fashion, to drive the
wipers of the switch 2550 until they are posi-

tioned upon the contacts representing the pre-.

liminary or starting position for the selection of
lines in the third group. More particularly, when
the wipers are operated to their respective
twentieth off-normal positions, ground potential
is removed from the test wiper 2554 to cause the
deenergization and restoration of the relay R2435
and to arrest the operation of the rotary switch
operating magnet 2561. Following the operation
of the wipers 2551 to 2555 to the preliminary or
starting position for the selection of lines in the
third line group, the incoming conncetor switch
operates to select a desired line in this group in
the exact manncr described above with reference
to the selection of the called line 16 included in
the first line group.

If the called line 16 is idle at the time it is
selected by the incoming connector switeh of
Figs. 24 and 25 in the manner explained above,
negative battery potential is present upon the
control conductor thereof. On the other hand,
if the line is busy ground potential is present
upon the control conductor of the line. Assum-
ing the line to be idle, when the relay R2450 re-
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stores shortly following the end of the second
series of impulses transmitted to the incoming
connector switch, the ahove-mentioned circuit
is completed for energizing the lower winding of
the switching relay R2530, this circuit extending
from ground at RA243! by way of RA2461, C2483,
the .lower winding of R2530, C2482, RA2451,
RA2436, RA2401 and C2484 to batttery as im-
pressed upon the control wiper 2552 over the
control conductor of the called line.. When its
lower winding is energized over this circuit, the
slow-to-operate relay R2530 partially operates
to complete, at the “X” contacts associated with
RA2535, a circuit for energizing its upper wind-
ing, which circuit may be traced as extending
from ground at RA2431 by way of C2481, RA2535
and the upper winding of R2530 to battery.
When its upper winding is energized, the relay
R2530 fully operates to complete, at RA2534, a
path for impressing ground potential upon the
control conductor of the selected called line, this
path extending from ground at RA2431 by way
- of C2481, RA24348 and the test wiper 2552 to the
control conductor of the called line. At RA2536,
the relay R2530 opens a point in the previously
traced circuit for energizing the rotary switch
operating magnet 2561. At RA2538, the relay
R2530 opens a point in the path, traced herein-
after, for connecting the busy tone current source
provided in the exchange E to the positive side
"of the loop circuit extending to the calling oper-
ator’s position. At RA2532 and RA2537, the re-
lay R2530 completes a circuit for projecting ring-
ing current over the line to energize the signal
device provided at the called substation. In the
event the called line is of the duplex type, similar
to that shown in Fig. 21, the path of the ringing
current may be traced as extending from the un-
grounded terminal of the ringing current source,
not shown, by way of the exchange battery pro-
‘vided in the exchange E, the winding of the slow-
acting ring cut-off relay R2540, RA2511, RA2521,
RA2532, the wiper 2551, the negative side of the
line extending to the called substation, and
through the series connected condenser and ring-
er provided at the called substation to the
grounded terminal of the ringing current source.
On the other hand, if the called substation is of
the single party type, such that the series con-
nected ringer'and condenser provided thereat are
bridged between the line conductors of the called
line, the return path of the ringing current may
be traced as extending by way of the positive side
of the called line, the wiper 2555 RA2537,
RA2525, and RA2513 to the grounded terminal of
the ringing current source. A portion of the ring-
ing current is:by-passed over the path including
RA2531, the condenser 2558, C2479 and the loop
circuit extending to the repeater 20 in the usual
manner, so that g ring-back tone signal is trans-
mitted to the calling operator to indicate that
the ringing operation is being performed.
When the call is answered at the called substa-
tion T, a direct current bridge is connected be-
twezn the line conductors of this line so that the
ring cut-off relay R2540 is energized over the loop
circuit just described. This relay -how operates
to complete, at RA2541, an obvious circuit for en-
ergizing the slave relay R2520, which latter relay,
in turn, operates, to complete, at the “X” contacts
associated with RA2523, a holding circuit for it-
self. The holding circuit for the relay R2520 ex-
tends from ground at RA2431 by way of C2481,
RA2523 and the winding of R2520 to battery.
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At RA252{, the relay R2520 opens g point in the 75
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common portion of the above-described clircults
for projecting ringing current over the called
line and for transmitting ring-back tone current
back over the loop circuit extending to the re-
peater 20. - At RA2524, the relay R2520 opens a
point in the circuit, traced hereinafter, for ener-
gizing the relay R2510. At RA2521 and RA2525
and their respective associated resting contacts,
the relay R2520 opens two points in the circuit
for energizing the ring cut-off relay R2540,
whereby the last-mentioned relay is caused to
restore, to open, at RA2541, the operating cir-
cuit for R2520. At RA2521 and RA2525 and
their respective associated working contacts, the
relay R2520 completes the desired talking con-
nection between the calling operator's position
and the called substation Ts., The completion of
this talking circuit results in the energization of
the battery reversing relay R2410 in series with
the winding of the line balancing impedance ele-
ment 2498, More particularly, this circuit may
be traced as extending from ground at the upper
terminal of the winding of R2410 by way of this
winding, RA2474, C2495, RA2525, RA2537, the
wiper 2555, the loop circuit extending to the
called substation, the wiper 2551, RA2532,
RA2521, C2419, RA2471 and the winding of the
impedance element 2498 to battery. The current
traversing this circuit serves fo energize the
transmitter provided at the called substation in
the usual manner. ‘

When cnergized over the circuit just traced,
the relay R2410 operates to reverse, at its arma-
tures RA2411 to RA2414, inclusive, battery po-
tential back over the loop circuit extending to the
repeater. 20, thereby to reverse the directicn of
current flow through the left winding of the po-
larized relay R1640. The last-mentioned relay
now operates to ccmplete, at RA1642; an ohvious
circuit for energizing the battery reversing relay
R1620. At RAI64I1, the relay RI640 completes
an obvious circuit for energizing the relay R1645.
The relay R1620, upon operating, moves ils arma-
tures RAI624 and RA1628 into engagement with
their respective associated armatures RA1625 and
RAI1629, thereby to reverse battery back over the
loop extending through the operated incoming
connector switch of Figs. 12 and 13 to the trunk
line terminating apparatus shown in the upper
porticn of Fig. 7. The resulting reversal of cur-
rent flow through the upper winding of R790
causes this relay to operate and open the circuit
for energizing the. supervisory lamp associated
with the link line utilized in completing the con-
nection, all in the manner explained previously.
At RA1627 and RA162T’, the relay RI1620, upon
operating, completes obvious paths for short-cir-
cuiting the two windings of R1630, therehy to
réemove the impedance of these windings from
the voice frequency current transmission circuit.
At RAI1622 and RCI623, the relay R1620. upon
operating, disconnects the control conductor
C1686 of the trunk line from the ground. At
RAI621 and RA1622, the relay RI1620 compleles

 the previously mentioned path for: impressing

booster battery potential upon the control con-
ductor C{€86, this path extending {rem the nega-
tive terminal of the booster battery source 1681
by way of the resistor 1688, RAIG5I, RA1852,
RAI621 and RAI1622 to the control conductor
Cl1686. The application of booster battery po-
tential to this control conductor is without ef-
fect on the type of call here being considered.
The relay R1645, upon operating, opens, at
RAI646 and its associated resting contact, a point
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in the previously traced circuit for energizing the
slow-to-release relay RI650 and completes, at
RAI646 and its associated working contact, a
holding circuil for itself, which holding circuit
extends frem ground al RAI166F by way of C1683,
RAI1646 ond the. winding of R1645 to battery.
After a short time interval, the relay R1650 re-
stores to open, at RAI6561 and RAI652, a point in
the above-traced path for impressing booster hat-
tery poteutial upon the control conductor <1686
and to complete, at RAI652 and RC1653, an al-
‘ternative path extending from ground at RAI66I
for maintaining ground potential upon the indi-
cated control conductor. Following the restora-
tion of the relay R1650, no further operation of
the apparatus embedied in the operated switch
train extended to the called-substation Ty occurs
until the connection is released or until ore of
the called subscribeis attempis to resignal the
operator in the exchange B.

If the called subscriber at the substation T9
desires to recall the operator in the exchange B,
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he may do so’by momentarily operating the hook -

switch provided at the called substation to open
the loop circuit extending to the called substation
and thus cause the deenergization of the battery
reversing relay R2410. This relay, upon restor-
ing, reverses battery back over the loop extend-
ing to the repeater 20, thereby to reverse the

direction of current flow through the left wind-

ing of the relay. . Ri640. The relay RIG40 re-
sponds by restoring to open the operating circuit
for the battery reversing relay R1620, which lat-
ter relay, in turn, restores, to reverse battery
back over the loop extending to the trunk line
terminating apparatus shown in the upper por-
tion of Fig. 7. The relay R790 now restores
to recompiete the circuit for energizing the saper-
visory lamp associated with the link line, such
for example, as- the line 952, utilized in com-
pleting the desired connection. Obviously, each
time the Joop circuit extending to the called sub-
station is recompleted, following the momertary
operation of the hook switch provided at the
called substation to its normal position, the four
relays R2410, R1640, R1620 and R790 are caused
to reoperate, in the order named, whereby the
abhove-mentioned supervisory lamp is deener-
gized. ‘The intermittent illumination of this
lamp serves to indicate to the operator that she
is being recalled, whereupon she may reenter the
connection and converse with the called sub-
scriber to determine the service desired.

As explained previously, if the connection as
routed to the incoming connector switch shown
in Pigs. 24 and 25 from the operator’s position in
the exchange B is to be extended to a subscriber’s
line of the multiplex type, a third series of im-
pulses must be transmitted to the incoming con-
nector switch in order to cause the station se-

- lecting apparatus associated with the called line
to selest the desired substation. For the pur-
pose of conditioning the control apparatus em-
bedied in the incoming connector switch to re-
peat the impulses of the third series to the line
selecting apparatus associated with a line of the
multinlex type, the relay R25(0 is provided,
which relay is arranged to he energized when the
wipers of the rotary switch 2550 are operated into
engacement with the contacts terminating a line
of the multiplex type. More particularly, each
of the contacts of the level associated with the
wiper 2553 which corresponds to a line of the mul-
tiplex type is connected through a resistor to the
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gizing the relay R2510. Thus, the twenty-second
contact of the contact level associated with the
wiper 2553 is connected through a vesistor 2671
to the negative terminal of the exchange battery
provided in the exchange E. Hcence, when the
wipers 2551 to 25885, inclusive, are opernted into
cngagement  wilh  Lheir respective associated
twentiy-second contacts in response to the dialing
of two line selecting digits designating the line
terminated at the twenty-second contact set of
the rotary switch 2550, the above-mentioned cir-
cuit is completed for energizing the relay R25i10,
this circuit extending from ground at RA2408 by
way of C2493, the winding of R2510, RA2524, the
wiper 2553 and the resistor 2571 to battery. At
the end of the second series of impulses trans-
mitted to the incoming conpector switch and
when the relay R2450 restores’in the manner ex-

plained above, the switching relay R2530 is:

caused to operate to perform the functions de-
scribed previously. At -RA2534, the relay R2530
completes the previously traced path for impress-
ing ground potential upon the control conduc-
tor of the selected multiplex line. When ener-
gized over the circuit traced above, the relay
R2510 operates to open, at RA261 1, a point in the
previously traced circuit for projecting ringing
current over the selected called line and to pre-
pare, at RA2512, a circuit, traced hereinafter, for
energizing the relay R2500. At RA2513, the relay
R2510 opens a point in the path for impressing
ground potential upon the positive line conductor
of the selected called line and completes the pre-
viously traced path for impressing negative bat-
tery potential upon the positive side of the se-
lected called line, The last-mentioned path
may be traced as extending from the negative
terminal of the exchange battery provided in the
exchange E by way of the resistor 2422’, RA2423,
C2491, RA2513, RA2525, RA2531, and the wiper
2555 to the positive line conductor of the selected
line. When ground potential is impressed upon
the control conductor of the selected line, the
station selecting apparatus associated with the
line is seized and conditioned to respond to nega-
tive battery impulses transmitted thereto over
the positive side of the selected line.

During the impulses of the third impulse series
transmitted to the incoming connector switch of
Figs. 24 and 25, the line relay R2420 responds by
opening and closing, at RA2423, a point in the
above-traced path for impressing negative bat-
tery potential upon the positive side of the 'se-
lected line.. The station selecting apparatus re-
sponds to the pulses of negative battery potential
transmitted thereto over this path by selecting
the particular substation desired by the calling
party. At the beginning .of this third series of
impulses, the two relays R2440 and R2450 are
again caused to operate, in the manner explained
previously. Upon operating, the relay R2450
completes a circuit for energizing the lower wind-
ing of the busy test relay R2460, this circuit ex-
tending from ground at RA2431 by way of C2481,
RA2534, C2484 RA2407, RA2436, RA2451, RA2452
and the lower winding of R2460 to battery, When
its lower winding is energized over this circuit,
the relay R2460 operates to prepare, at RA2461,
a holding circuit for itself, this holding circuit
being completed shortly following the end of the
third series of impulses transmitted to the incom-
ing connector switch when the relay R2450 re-
stores, and extending from ground at RA2431 by
way of RA2461, RA2472, RC2453, RA2452 and the
lower winding of R2460 to battery. At RA2464,
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the relay R2460 prepares a point in the operating
circuit for the relay R2500.  ‘When the relay

" R2450 restores at the end of the third series of

impulses, it completes this operating circuit for
the relay R2500, which circuit may be traced as
extending from ground at RA2431 by way of
C2481, RA2534, C2484, RA2407, RA2436, RA2451,
C2482, RA2512, C2481, RA2464, C2486 and the
winding of R2580 to batfery. Upon operating,
the relay R2500 completes, at RA2501, the previ-
ously traced circuit for projecting ringing cur-
rent over the selected. called line to energize the
signal device provided at the called substation
and for transmitting ring-back tone current back
over the loop circuit extending to the repeater 20.
Thus, the usual ring-back tone signal is trans-
mitted to the calling telephone station. When
the call is answered at the called substation, the
substation selecting apparatus .associated with
the called line operates to impreéss ground poten-
tial upon the negative side of the selected called
line, thereby to complete the previously traced
circuit for energizing the ring cut-off relay R2540.
Upon operating,; the relay R2540 completes, at

RA2541, the operating circuit for the relay R2520, . .

which latter relay, in turn, operates to complete
its holding circuit and to open, at RA2521, a point

-in the circuit by way of which ring-back tone cur-

rent is transmitted to the repeater 20 and a point
in the operating circuit for the relay R2540. At

" RA2521 and RA2525 and their respective -associ-

ated working contacts, the relay R2520 completes
the talking connection between the calling and
called telephone stations and, in so doing, com-
pletes the previously traced circuit for energizing
the battery reversing relay R2418 in series with
the line balancing impedance element 2498. At
RA2524, the relay R2520 opens a point in the
above-traced operating circuit for the relay
R2510, causing the last-mentioned relay to re-
store to open, at RA2512, the operating circuit for
the relay R2580. Following the restoration of
the three relays R2500, R2510 and R2540, no fur-
ther relay operations occur in the incoming con-
nector switch shown in Figs. 24 and 25 until the
connection is cleared out at the called substation
or until the connection is released at the oper-
ator’s position in the exchange B.

As indicated previously, if a line selected by the
incoming connector switch of Figs. 24 and 25 is
busy at the time the wipers of the rotary switch
2550 are operated into engagement with the con-
tacts terminating the conductors thereof, the
control apparabus embodied in the incoming con-
nector - switch. operates to return busy tone
through the operated switch train to signal the
calling operator in the exchange B. Thus,; if the
line 76 is busy at the time the call initiated at the
operator’s position is routed thereto, ground po-
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- R2530. At RA2464, the relay R2460 prepares the
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tential is present upon the control conductor \J

thereof so that, when the wiper 2552 is moved
into engagement with the contact terminating
this control conductor, a circuit is completed for
energizing the lower winding of the busy test re-
lay R2460, this circuit extending by way of the
grounded wiper 2552, C2484, RA24071, RA?2436,

RA245(, RA2452 and the lower winding of R2460

to battery. When energized over this circuit, the
relay R2460 operates to prepare, at RA246{, a
holding circuit for itself and to open, at RA2463,
a point in the previously traced circuit for ener-
gizing the rotary switch operating magnet 2561.
At RA2461 and its associated resting contact, the
relay R2460 opens a point in the above-traced
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operating circuit for the line switching relay ()

5 trunk line 31°,

previously traced operating circuit for the relay
R2500. At RA2465, the relday R2463 completes
the above-mentioned path for effectively connect-
ing the high potential terminal of the busy tone
current source provided in the exchange E to the
positive side of the loop circuit extending to the
repeater 20. This path may be traced as extend-
ing by way of C2557, the condenser 2559, RA2538,
C2497, RA24175, and RA2465 to the positive side of
the talking circuit, and the completion thereof
results in the transmission of the usual busy tone
signal to the calling operator to indicate that the
desired line is busy. Shortly following the oper-
ation of the relay R2460, the relay R2450 restores
to complete the previously traced holding circuit
for R2460.

When the operator in the exchange B receives
the busy tone signal, she may either initiate the
release of the partially established connection, in
the manner explained hereinafter, or she may
break in upon the previously established connec-
tion extending to the called substation Ty and
offer the call to the called subscriber. In order
to break in upon the previously established con-
nection extending to the called substation Ts, the
operator in the exchange B momehtarily operates
the toll offering switch 153 to its off-normal posi-
tion, thereby to impress ground pofential upon
the positive side of the loop circuit extending to
the repeater 20, When ground potential is im-
pressed upon the line conductor C1682, the series
connected upper windings of the differentially
wound relay R1630 and the line relay R1655 are
short-circuited, while the respective lower wind-
ings .of these two relays are held energized. The
relay R1630 now operates to complete, at RA1631,
an obvious path for impressing ground potential
upon the trunk line conductor C2476 of the trunk
line 31’ and a path extending by way of the
winding 1613, the left winding of the polarized
relay R1640, the {ransformer winding {674,
RAI65T and RAI66T for impressing ground
protential upon the other conductor C2417 of the
When these two paths are com-
pleted, the respective lower windings of the two
relays R2415 and R2420 embodied in the incom-
ing connector switch of Figs. 24 and 25 are de-
energized, causing the differentially wound relay
R2415 to operate. Upon operating, the relay
R2415 completes, at RA2416, a circuit for ener-
gizing the relay R2410, this. circuit extending
from ground at RA2431 by way of C2481, RA2534,
C2485, RA2455, RC2456, RA2462, RA2416 and the

5 winding of R2470 to battery. When energized

over this circuit, the relay R2410. operates to
complete, at the “X” contacts associated with
RA2473, a path extending by way of RA2416 for
short-circuiting the upper winding of R2469,
thereby to render the relay R2460 slow to re-
Jease. At RAZ472, the relay R2470 opens the
original holding circuit for R2460, as traced
previously, and completes an alternatme holding
circuit therefor, this alternative circuit extend-
ing by way of the grounded wiper 2552, C2484,
RA2872, RC2453, RA2452 and the lower winding
of R2460 to battery. When the relay R2415 re-
stores, in resnonse to the release of the toll offer-
ing switch 153, it opens, at RA2416, a point in
the above-traced path short-circuiting the upper
winding of R2460, permitting this winding to be
energized in series with the winding of R2470
over a circuit extending from ground at RA2431
by way of C2481, RA2534, C2485, RA2455; RC2456,
RA2462, the upper winding of R2460, RA2473
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and the winding of R2410 Lo batltery. With the
rvclay R2470 operated, the above-traced path by
way of which husy tone current is projected over
the established talking circuit to the calling
operator’s position is interrupted at RA2475. At
its two armatures RA2411 and RA2414 and their
- respective associated working contacts, the relay
R2470 completes the desired talking connection to
the called line, whereupon the operator may offer
the call fo the called subscriber in the usual
manner. . It will be noted that the two - con-
densers 2428 and 2429 are included in the talk-
ing circuit which is extended to the called line
and, further, that talking battery is not im-
- pressed upon the loop circuit extending to the
called substation through the windings of the
battery reversing relay R2410 and the line balanc-
ing impedance element 2498, Thus, the comple-
tion of the bridging connection to the previously
established talking circuit can in no way inter-
fere with the release of the operated switch train
by way of which the previously established talk-
ing circuit extends. :

If the called subscriber accepts the toll call

offered by the operator in the position B, the :

parties conversing over the previously established
connection are instructed to hang up thereby to
release the previously established connection and
to free the called line 16. During the release of

this previously established connection, ground :

potential is removed from the control conductor
of the called line 16 and battery potential is sub-
stituted therefor. As a result, the lower winding
of the busy test relay R2460 is deenergized. The

husy test relay R2460 is now energized only by :

the current traversing its upper winding, which
current is insufficient to maintain the relay oper-
ated, but retards the release thereof for a sub-
stantia] time interval. At the end of this inter-
val, the relay R2460 restores to open, at RA2462,

_ substations.

<t
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the above-traced circuit for energizing its upper

winding and the winding of R2470 in series, per-
mitting the last-mentioned relay to restore. At
RA246( and its associated resting contact, the re-
lay R2460 completes the previously traced circuit
for energizing the lower winding of the line
switching relay R2530. At RA2465, the relay
R2460 interrupts the above-traced path for con-
necting the busy tone current source to the posi-
tive side of the talking circuit extending to the
calling operator’s position. When the relay
R2470 restores, it reprepares, at RA24T{ and
RA2414, two points in the loop circuit to be ex-
tended to the called substation and opens, at
RA2473, a point in its holding circuit as traced

above. The relay R2538 operates, after an inter-. -

val, to complete its holding circuit and to com-
plete the above-traced circuit for projecting ring-
ing current over the called line to energize the
signal device at the called substation. all in the
manner explained previously. When the call is
answered at the called substation, the incoming
connector switch of Figs. 24 and 25 operates to
complete the desired talking circuit in the exact,
manner sct forth above.

The release of an established connection ex-
tending to one of the lines terminating at the
bank contacts of the incoming connector switch
shewn in Figs. 24 and 25 is entirely under the
control of the operator in the exchange B. 'Thus,
if the called subscriber is the first to hang un.
the four relays R2418, Ri640, RI620 and R19)
are caused sequentially to restore. in the order
named and in the manner explained previously,

to cause the energization of the supervisory lamp 7
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individual to the link line utilized in complet-
ing the connection hetween the calling and called
The continuous illumination of
this lamp indicates to the operator that the con-
nection routed by way of the link line is ready
to be released. The manner in which the in-
coming connector switch shown in Figs. 12 and
13 is released when the operator in the exchange
B clears out the connection is in all respects
identical with the 1elease of this switch as de-
scribed in the preceding subsection. During the
release of this switch, the loop circuit extending
to the repeater 20 is interrupted, wheéreby the
line relay RI1683 iz deenergized and restores.
Upon restoring, this relay opens, at RA{657, a
point in the loop circuit extending to the oper-
ated incoming connector switch of Figs. 24 and
25 and interrupts, at RA1656, the operating cir-
cuit for the hold relay RI1660. The last-men-
tioned relay nnw restores to open, at RA1652, the
circuit for energizing the right winding of the
polarized relay R1640 in parallel with the wind-
ing of RI1665. At RAI66(, the relay opens the
holding circuit for R1645, causing the last-men-
tioned relay to restore. When the relay RI665
restores, the line conductors of the trunk line 31°
are disconnected from the line terminals of the
rereating transformer (670 and are connected to
the line conductors of the link line extending
to the line circuit 21. Following the restora-
tion of R1665, the repeater 20 is completely 1e-
leased and is conditioned for further use. In
this regard, it is pointed out that when the hold
relay R1660 restores it opens, at RAIG661, the
path for impressing ground potential upon the
control conductor C1683 and completes a path
extending by way of the resistor 1663 for in-
pressing negative battery potential upon the in-
dicated control conductor, thereby to mark the
repeater 20 as idle in the numerical switches
having access thereto. )

When the loop circuit extending to the incom-
ing connector switch shown in Figs. 24 and 25 is
interrupted, the line rclay R2420 is deenergized
and restores. Upon restoring, the relay R2820
opens, at RA242§, the operating circuit for the
hold relay R2425, which latter relay restores,
after an interval, to open, at RA2421, the operat-
ing circuit for R2430. When the relay R2430
falls back, it reprepares, at RA2432, the operat-
ing circuit for the relay R2400 and opens, at
RA2431, a point in the common portion of the
holding circuits for R2465, R2460, R2470, R2520
and R2530, causing any operated ones of these
relays to restore. At RA2433, the relay R2430
~ompletes a path for impressing ground potcn-

» tial'upon the first, ninth and twentieth contacts

GO

0

«l

of the contact level associated with the test
wiper 2554, this path extending from greund at
RA2821 by way of RA2433 and C2490 to each
of the three enumerated contacts. At this time,
ground potential is present upon all of the con-
tacts of the level associated with the test wiper
2554 with the exception of the twenty-fifth con-

5 tact, which latter contact represents the home

nosition of the switch. Hence, when the relay
2430 restores, it completes, at RA2434’, an al-
ternative circuit for energizing the relay R2435,
thiz circuit extending by way of the grounded
test wiper 2654, C2492, RA2454, RA2438' and
the winding of R2435 to battery. When ener-
gized over this circuit, the relay R2435 operates
to complete, at RA24317, an alternative circuit for
energizing the rotary switch operating magnet
2561, this circuit extending by way of the ground-
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- ‘ed fest wiper 2558, C2482, RA2454, RA2431,

C2489, the armature 2462 and the winding of the

magnet 2561 to. battery. Due to the circuit in-

terrupting action of the contacts associated with
the armature 2562, the magnet 2881 operates,
buzzer fashion. to.drive the wipers of the ro-
tary switch 2850 until they are moved into en-
gacement with thelr respective twenty-fifth con-

- tacts representing the home position ' of - Lhe

switch.  When the test wiper 2854 is moved out

10

of engagement with its associated twenty-fourth

' - contact, ground potential is removed therefrom

so that no further circiiit is available for ener-
gizing the operating magnet 2581 and the op-
eration of the rotary switch 2580 is arrested.
When ground potential is removed from the wiper

ductor C1886 caused by the operation of the relay
R1620 and the subsequent réstoration of the relay

RIGB0; .in ‘the manmer explained above, is ef- =~

fective to energize the operating magnet of the
call metering device associated with the calling
substation.  Thus, in the case here being con-
sidered, wherein the call origihates at the substa-
tion Ty, the operating magnet 2118 of the meter-
ing device associated with this substation is ener-
gized in response to the operation of the relay
RI820 over a circuit which may be traced as ex-
tending from the negative terminal of the booster
battery source 1687 by way of the resistor 1688,
RA{651, RAI6852, RA1622
conductor cnses the wiper 1902, C1881, C2042,

- the springs 2059, RA2023. RA2052 RA2053, the

2554, the relay R2435 is deenergized and restores.

Thus, the control apparatus embodied in the in-

coming connector switch of Figs. 24 and 25 is -

returned to hormal and this switch is condi-

) tioned for further use

- B dzrectly to emchanye E

As pointed out in Section 1of the speciﬂca.tion,
a call originating at a substation associated with

2 line terminating at the exchange B may be.

routed directly to a substation line terminating

‘at the exchange E without the intervention of
. the operator located in the exchange B or the .
. Intervention of the operator located in the ex-

change A." Thus, the connector. portion of the

_ finder-connector link shown in Figs. 19 and 20

has direct access to one or more repeaters as-

-~ sociated with trunk lines extending to the .ex-

change E. - With this arrangement, if & calling

20

’ ‘Svssncnon J —-Trunk call routed from e:cchange

25
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subscriber at a substation associated with a line -

- terminating ‘at the exchange B dials the ap-

propriate line selecting digits, the connection is
forwarded over one of the last-meéntioned group
of truck lines to an mcoming connector switch 16-
cated in the exchange E.  For example, if the
above-described: call originating at the . substa-
tion Ti is to to de routed to a substation line ter-

' minating at the exchange E and the local finder-
" conrniector link shown in Figs. 19 and 20 is as-

signed to the use of the ecall, the calling sub-
scriber; upon dialing the line selecting digits

-~ designating the group of trunk lines extending
‘to the exchange E may initiate the operation of

the connector portion of this link to seize an idle

40

wiper 2012, CZITB RA2123, RA2151 and the wind- -
ing of the magnet 2176 to ground. The resulting
momentary operation of the operating' magnét
2116 causes the metering device associated with
the calling substation T. to- register .the call.
Aside from this difference pertaining to the
feature of. utilizing reverse battery for super-
visory purposes when the call originates-at the
operator’s position in the exchange B and the: .
use of booster battery control of the call regis- -

tering deviee associated with the calling substa- - '

tion when the call originates at-a local substa=
tion, the mode of completing the connection - di- -
rectly to the desired substation line terminating

&t the exchange E and of releasing the connec-

tion following its completion ig substantially the -

: same as described in the preceding subsection

Svnszcnon K—Trunk calz routed from the
) exchange B directly to the exchange F

The arrangement of the system is such that,

"when. the operator in the exchange B is not on

duty, calls originating at substations associated
with lines- terminating at- this exchange and
intended for substations connected. to lines ex-
tending to the. exchange F may be routed to

‘the desired substation without the intervention
5 of an operator. Thus, when the operator in the

exchange B is not on duty, the contact springs

. of the transfer switch 800 cccupy the positions
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illustrated in the drawings so that the conductors B
of the trunk line 41 are connected by way of the -
contact springs 824, 826, 821 and 829 to thé

- conductors of the trunk line 42 extending to the

one of the group of repeaters individually as-

sociated with the trunk lines extending to the
exchange E. Thus, if the repeater 20 associated
with the trunk line 31’ is the first available idle
trunk Iine of the indicated group, the connector
portion of the local finder=connector link shown

E .in Figs. 19 and 20 operates in the manner ex-

plained previously to seize the trunk line 38 ex-
tending to this repeater. - When' the trunk line

38 is seized, the calling loop circuit is switched
through to the repeater 20 and the line rélay

RI655 is energized thereover, - From this point

" on, the manner in which the connection'is routed

to the desired line terminating at the exchange

E is exactly the same as explained in the preced- -

ing subsection. When the: call is: answered at

~ .the called substation to cause the sequential
"~ operation of the relays R1640 and RI620 in the

manner previously explained, the resulting re-
versal of battery over the line conductors C1681
and CI682 of the trunk line 3( is without effect.
On the other hand, the' momentary application
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automatic switching equipment provided in the
exchange F. With this arrangement, if a calling
subscriber at a substation assoclated with a line
terminating at the exchange B’ initiates a call
and dials the appropriate line selecting digits,
the connection may be forwarded by way.of the
repeater illustrated in Fig. 14, the trunk lines
41 and 42 and the automatic’ switching equip-
ment provided in the exchange F.to the desired
called substation. . For example, if the above-
described call- originating .at  the substation Ti
is to be routed to a substation line terminating -
at the exchange F and the local finder-connector
link shown in Figs. 19 and 20 is assigned to the
use.of the call, the calling subscriber, upon dial-
ing the line selectlng digits designating the trunk
line 31’ may initiate the operatxon of the con-

-nector portion of this link to- seize the trunk

line 37’ extending to the repeater shown in Fig.

- 14, ‘When this trunk line is seized, the calling -

~ loop circult is switched through to the indicated

ot booster battary potentlal to the control con- 76

repeater and. the line relay RI480-Is energized
thereover. Upon operatmg, the relay Rmo com-

RAI(621, RAI622, the control .



. ‘the trunk line 42.
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. pletcs at RAI432 an obvious circuit for energizr—

_ ing the slow-acting hold relay R1405, which lat-
ter relay, upon operating, completes, at RA1406,
"an obvious -circuit - for energizing the slow-to-
release relay RI400 in parallel with the lower
winding of the relay R1420. At RAI1431, the
-line relay R{430 prepares a loop circuit to the
automatic switching equipment provided in the
exchange F. ‘At RAI401, the hold relay R1405,
upon operating, completes an obvious path for
© impressing. ground potential upon the contrcl
= conductors C1316 and CI1461,

‘the repeater of Fig. 14 as busy and to maintain
-the local finder-connector link of Figs. 19 and 20

operated. At RA407, a circuit is also completed B

- for energizing the slow-to-release relay RI1415,
this circuit extending from ground by way of
RAI401, RAI&11 and the winding of RI415 to
'battery. When the relay RI400 operates, it
completes, at RA1401 and RA1402 and their re-
- spective associated working contacts, the above-
-mentioned loop circuit to the exchange ¥, there-
by to cause the seizure of the incoming connector
- switch terminating the distant end of the trunk
line 42; 'When this loop-circuit is completed the
upper winding .of the relay RI420 is energized
thereover but at this time the direction of cur-

10

thereby to mark -

20

25

" rent flow over the loop and through the upper .

winding of R1420 is such that the relay does not
operate When the relay RI415 operates, it pre-
pares, at RAI#16 and RAI417 a path, traced
hereinafter; for impressing booster battery po-
tential upon the control conductor C{1464 of the
trunk line 31. Following the completion of the
. loop circuit in the manner explained above, the
repeater shown in Fig. 14 is conditioned to repeat
the impulses of additlonal digits dialed at the
calling. substation to the operated incoming con-
. nector switch terminating the trunk line 42 and
located in the exchange F. During the dialing
" operation, the line relay Ri430 follows the im-
pulses and, by interrupting, at RA1431, the loop

30
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circuit extending to the exchange ‘P, functions

~ to repeat the impulses to the incoming con-
- rnector switch terminating the distant end of
‘Thus, the connection may
be routed to the desired. cslled line in the exact
manner explained above with reference to the
incoming. connector switch shown in. Figs. 24
and 25 and located in the exchahge E. Assum-
ing that the called line is idle, and, further, that
the call is answered at the called- substation,
the battery reversing relay provided in the aper-
ated incoming connector switch operates to re-
verse .the direction of current flow over the loop

45

50

55

cireuit extending back to the repeater shown in .

Fig. 14, The relay R1420 responds to this bat-
tery reversal by operating to complete, at RA1422,

. - an obvious circuit for energizing the relay RI410

. and to complete, at RA142{, an obvious circult
for energizing the baitery reversing relay R1440.
. When the last-mentioned relay operates; it
short-circults, at its two armatures RA1841 and
RA447’, the respective windings of the differen-
tially ‘wound relay R1435 and actuates its armsa-

tures RA1442, RAI443, RAI445 and RAI446 to

reverse the battery connections to the line con-
ductors CI315 and- CI31T of the trunk line 35.
This last-mentioned operstion on the part of the
relay R1440 Is without effect on the type of call
here being considered. - At RA1449 and RC1448’,
the relay R1440 disconnects the: control conduc-
tor CI46/  from ground and, at RAI448 and

-60

65

70

2 297,002

for impressing booster battery potential upon
‘the Indicated control conductor. - This path may
be traced as extending from .the negative ter-
minal of the booster battery. source, not shown,
by way of the resistor 1456, RA!416, RA(411,
RA(448 and RAI449 to -the control conductor
Cl464, and the completion thereof resulis in
the energization of the call registering device
associated with the calling substation in the
manner explained previously. The relay Ri810,
upon operating, completes, at RA(811, a holding
circuit for itself, which holding circuit extends
from ground at RAI407, by way of RAI4I{ and
the winding of Rl4l0 to battery. - At RA14II
and its associated resting contact, the relay
R1410 opens a point in the above-traced oper-
ating circuit for the slow-to-release relay RIi#I5.
The last-mentioned relay restores, after an in-
terval, to open, at RAI416 and RA14§1, a point
in the above-traced path for mmressing booster

- battery - potential upon - the control conductor
C1461.

At RAMIT and RC{418, the relay RI4135,
upon restoring, completes an alternative path for
grounding the indicated control conductor, this
alternative path extending from “ground at
RAI407 by way of RCI418, RAI411, RAI#48 and
RA{#48 to the control conductor CI461. ,

The release of the connection as estabilshed
by way of the repesater shown in Fig. 14 and the
trunk lines 41 and 42 to a substation assoclated”
with -4 line terminating at the exchange P is
under the control of the calling subscriber. More -
particularly, when the call is cleared .out at the -

. calling - substation, the loop. ‘circuit extending

through to the repeater of Fig. 14 is interrupted

to cause the deenergization and restoration of the -

line . relay - R1430. This relay, upon restoring,

opens, at RA{431, the loop circuit extending to

the operated incoming connector switch in the

exchange F and interrupts, at RA1432, the above- _
described operating circuit for the hold relay

RI1405. When the loop cireuit extending to the

operated incoming connéctor switch located in

the exchange F is mtermpted the release of this

switch is initiated in the manner explained pre-

viously with reference to the incoming connector
switch shown in Figs. 24 and 25. When the hold
relay RI405 restores, it opens, at RA1406, the
above-described. circult. for energizing the relay
Ri400 in parallel with the lower winding of R 1420,
causing both of these relays to restore. At
RA1497 and its associated working contact, the
relay R1405 opens the above-traced’ holding eir-
cuit for the relay Ri410 and interrupts the path
for maintaining ground potential upon the con-
trol conductors CI376 and Ci48f. At RAi407
and its assoclated resting contact, the. reiay
R1405 completes a path extending by way of the
resistor (456 for impressing negative battery po-
tential upon each of the two entimerated control
conductors, thereby to mark the repeater shown
In Fig. 14-as idle. When the relay RI420 re-
stores, it opens, at RAI421, the operating circuit
Tor the battery reversing relay R 1440, causing the
last-mentioned relay to restore. Thus, the re-
peater shown in Fig. 14 is entirely released and
is conditioned for further wuse. -The release.of
the local finder-connector link illustrated in Figs.
19 and 20 is initiated when ground potential is
removed from the control conductor CIi48{ of
the trunk line 37’, the manner in which the re-

. lease of this link is effected being exactly as set

_‘RAIMQ it completes the a.bove-mentioned path 78

forth previously in this section—Subsection C.
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'SECTION 38

Sueskcrion A—Local connection completed be-

. lween two substations associated with lines
terminaling at the exchange C' ..

Referring now miore particularly to the opera-
tion of the apparatus illustrated in Figs. 28, 29,

... 30, 33 and 34 to set up a connection between two
" substation lines: terminating at the- exchange .C

and considering, by way of example, a call ini-
tiated at the substation Ti and intended for the
subscriber at the substation Ts, the operation of
the apparatus is initiated when the calling sub-
scriber at the substation T: removes his receiver
from its hook. The usual direct current path

- bridging the line conductors C281% and C281T
~of the calling line §9 is completed when the re-
o celver at the substation T4 is removed from its
-supporting hook or cradle.

) The line circuit &6
responds to the completion of this path by oper-

-ating to impress battery potential upon the con-

trol conductor C2816 of the line §9, thereby to

" mark the calling line §9 in the bank contacts.of
the finder switch 2800. The line circuit 55 also

operates t0 impress ground upon the distributor
start conductor C3433, thereby. to initiate the
operation of the distributor illustrated in Fig. 30.
More particularly, when ground potential is ap-
plied to C3433, the start relay R3050 is ener-
gized and operates to prepare, at RA3053, a cir-
cuit, traced hereinafter, for enérgizing the lower
winding of the relay R3040. At RA3052, the
relay R3050 completes a circuit for energizing the
relay R3000, which.circuit may be traced as ex-
tending by way of the grounded conductor C3433,
RA3052, the resistor 3054, RA3022, RA30I2 and
the winding of R3000 to battery. At RA3051, the

" ‘relay R3050 prepares a circuit, traced hereinafter,

for energizing the operating magnet of the finder

. switch embodied in the switching selector re-

peater assigned to the use of the calling line.
‘The relay R3000, upon operating, completes, at
its armatures RA300f, RA3002, etc., circuits for
energizing the respective slow-to-operate link se-
lecting relays which individually correspond to
idle ones of the switching selector repeater links

located in the exchange C. Thus, the relay
" R3020 individually corresponding to the link

shown in Figs. 28 and 29 is energized over a cir-
cuit which may be traced as extending from
ground, at RA2914, by way of C2871, R2815, the
guard conductor C3055, RA3002 and the winding
of R3020 to battery. In a similar manner; the

-relay R3010 is energized over a circuit including

the guard conductor extending to the second link.
Each of these two relays and the other similar
relays embodied in the distributor, upon operat-
ing, completes a holding circuit for itself, the
holding circuit for the relay R3020 extending by
way of the grounded guard conductor C3085,
RA3024 and the winding of R3020 to battery, and
the holding circuit for the relay R3010 extending
by way of the grounded guard conductor of the
second link, RA30(4, and the winding of R3010
to battery. 'The relay R3020, upon operating, ac-
tuates its armatures RA302{, RA3022 and RA3023
into engagement with their respective associated
working contacts, thereby to connect these arma-

. tures to the magnet, hold and test conductors

C3058, C3057 and C3056, respectively, which ex-
tend to the link illustrated in Figs. 28 and 29.
At RA3022 and its respective associated resting
contact, the relay R3020 interrupts the above-

v _ 97
last-mentioned relay to restore to open points
in the respective operating circuits for the link .
select relays R3010, R3020, etc. - R

At RA3022 and its associated working contact,
the relay R3020, upon opetrating,  completes e
circuit for energizing the line relay R2820, this -
circuit extending by way of the grounded start

-conductor C3433, RAS3052, the resistor 3054,

RA3022, C3057 and the upper winding of R2820-
to battery. The relay R2820, upon operating,

. completes, at RA2822,: an obvious circuit for

energizing the slow-acting hold relay R2825. At
RA2821, the relay R2820 bridges the series con-
nected upper winding of R2838 and the winding
of 'the impedance element. 2835 between the
trunk line conductors C2868 and C2874. The
hold relay R2825, upon operating, opens, at

" RA2829, & point in the circuit, traced hereinafter
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for energizing the release magnet 2904 of the
minor switch 2900, and prepares, at RA2828, a
circuit for energizing the minor switch operating
magnet 2903. At RA28286, the relay R2825 pre-
pares & holding circuit, traced hereinafter, for
the relay R2810 and also a path for impressing
ground potential upon the control conductor
C2816 of the calling line 58. At RA2821, the
relay R2826 completes a circuit for energizing the
slow-to-operate relay R2940, this circuit extend-
ing from ground by way of RA2821, 2867,
RA2851, RA2931, the winding of R2840 and the
resistor 2946 to battery. The relay R2940 oper-
ates after an interval to complete, at RA2944, a
holding’ eircuit for itself, which holding circuit

extends from ground at RA282T by way of

C28681, RA29561, RA2944, the winding of R2940
and the resistor 2946 to-battery. At RA2941,
the relay R2940 completes & circuit for energiz-
ing the heating coil 2858 of the thermal relay
2851, this circuit extending from ground by way

‘of RA2941, RA2911, C2866, the heating coil 2858

ang the resistor 2859 to battery. At RA2942, the

" relay R2940 opens & point in the circuit, traced
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hereinafter, for energizing the relay R2970. At
RA2943, the relay R2940 completes o circuit for
energizing the two windings of R2960 in series,
which circuit may be traced as extending from .
ground by “way of RA282T, C2867, RA295!,
RA2943 and the two windings of R2960 to bat-
tery. At RA2845, the relay R2948 completes a
circuit for energizing the winding of R2920 in
series with the winding of the relay R2830, this
circuit extending from ground at RA2821 by .

- way of C2867, RA2945, the winding of R2930 and
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traced operating circuit for Raooo, causing the 75

the winding of the relay R2820 to battery.
When energized over the above-traced eir-
cuit, the relay R2960 partially operates to close
the “X” contacts associated with RA2963 and
RA2864. If, at the time this partial operation
of R2868 occurs, the wipers of the switch 2980
are standing in engagement with the contacts
corresponding to a local connector switch in the
exchange C or to a busy. outgoing repeater,
ground potential is present upon the wiper 2982
50 that a path is completed for short-circuiting
the upper winding of R2960 before this relay
completes its operation. The short-circuiting
path may be traced as extending by way of the
grounded wiper 2882, RA2962, RA2964, the upper
winding of R2960, RA2943, RA2951, and C2867
back to ground at RA2821.° The completion of .
this path serves to prevent the relay ' R2960 from
fully operating. The presence of giound poten-
tial upon the wiper 2982 also results in the en-
ergization of the operating magnet 2985 over a
circult extending by way of RA2962, RA2963,
RA2973, the armature 2988 and the winding of
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the magnet 2985 to battery Due to the circuit
interrupting action. of the springs associated

_with the armature 2986, the magnet 2985 op-

erates to open its bwn operating circuit and to
condition the associated ratchet and pawl mech-
anism to Step the wipers of the switch 2980
one step. When the magnet 2985 is deenergized,

the associated ratchet and pawl mechanism op-

erates to step the wipers 2981 to 2984, inclusive,
one step or into engagement with the next suc-
ceeding set.of contacts. If this next set of .con-
tacts corresponds to a second busy repeater or
to a local connector switch, the magnet 2985 is
- again energized over the above-traced- circuit
including the grounded wiper 2982 and operates
© to cause the enumerated wipers to be stepped a
second step. The stepping operation of the
- switch wipers 298( to 2984, inclusive, continues
until such time as the wiper. 2982 is moved into
engagement with a contact terminating the con-
" trol conductor of a trunk extending to an idle

[
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repeater, the idle condition of the repeater be- -

ing indicated by the absence of ground potential
upon the control conductor of the trunk line ex-
tending thereto. For example, if the repeater
illustrated in Figs. 26 and 27 is idle, the wipers
of the switch 2980 are stepped three steps from

the position illustrated in the drawing, at which .

time the wiper 2982 is moved into engagement
with the contact terminating the control con-
ductor ©2895. Since the wiper 2982 is now dis-
connected from ground, no further circuit is
available for energizing the magnet. 2985 and
the stepping operation of the switch 2980 is

arrested. Also, when ground is removed from @

the' wiper 2982, the above-traced path short-
-circuiting the upper winding of R2960 is opened,
permitting the two windings of this relay to be
energized in series. . The relay R2960 now com-
pletes its operation to open, at RA2962 and its
associated resting contact, a further point. in
the operating circuit for the magnet 2985 and
a further point in the path for short-circuiting
its own upper winding. At RA2962 and its as-
sociated working contact, the relay R2960 com-
- pletes an obvious path for impressing ground
potential upon- the control conductor of the
trunk line 83 extending to the selected repeater.
At RA 2961 and RA2965, the relay R2960 com-
pletes & -loop- circult, traced hereinafter, -and
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extending to the selected repeater, thereby. to

~ cause the seizure of this repeater.

The two relays R2920 and R2930 operate when

energlzed in series over the circuit traced pre-
viously. The relay R2920, upon operating, com-
pletes, at RA2922; an obvious holding circuit for
" maintaining the respective windings of R2930
and R2920 energized. At RA2923, the relay
R2920 prepares a path, traced hereinafter, for
-short-circuiting - the winding of R2930.. At
" RA2924, the relay R28920 prepares a circuit for
energizing the release magnet 2984 embodied in
the minor switch 2900. The relay R2930, upon
operating, opens, at RA2932, a point in the path
for short-circuiting its own winding. At RA2933,
- the relay R2930 prepares a path, traced herein-
after, for short-circuiting the winding of R2940.
At RA2934, the relay R2830 opens a point in the
circuit, traced hereinafter, for energizing the re-
lease magnet 2804. . Following the selection of an
idle repeater and the operation of the two re-
lays R2920 and R2930 in the manner just ex-
plained, the switching selector repeater illustrat-
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ed ‘in Figs. 28 and 29 is conditioned to respond to 75

the first series of impul.,es dialed at the calling
stibstation. :
As indicated above, when the relay R3020 op-

“erates, a circuit is completed for energizing the
operating magnet 2804 of the finder switch 2800,

this circuit extending from ground at RA303{ by
way of RA3051, RA304i, RA3024, C3058 and the
winding ‘of the magnet 2804 to battery. When
energized over this circuit, the magnet 2804 at-
tracts its associated armature 2885 to complete
8 circuit for energizing the upper winding :of

. the interrupter relay R3040, this circuit extend-

ing from ground by way of the armature 2805,
the interrupter conductor C3059 and the upper
winding of R3040 to ‘battery. -Upon operating,
the relay R3040 opens, at RA3041; a point in the
circuit, traced above, for energizing the opzrat-
ing magnet :2804. When this magnet is deener-
gized, its armature 2805 is restored to open the
operating circuit for R3040, causing this relay to
restore to recomplete the circuit. for energizing
the magnet 2804. The interrelated operation of
the interrupter relay R38040 and the operating
magnet 2804 continues until the wipers of the
finder switch 2800 are driven into engagement
with the contacts terminating the calling line
59, it being pointed out that, during each cycle
of operation of the relay R3040 and the magnet
2804, the wipers 2801, 2802, 2803 and 2803’ are
operated one step. When the enumerated wip-

“ers.are moved into engagement with the con-

tacts terminating the conductors:C2875, C2816,
C281T and C2878 of the calling line §9, a circuit
is completed for energizing.the upper winding
of the switching relay R2810 in series with the
respective lower windings of R3030 and R3040.
This circuit may be traced as extending from
ground at RA3053 by way of the lower winding
of R3040, the lower winding of R3030, RA3023,
C3056, the upper winding of R2810, the wiper
2802, the control conductor:C2818 and the wind-
ing of the cut-off relay embodied in the line cir-
cuit 55 to battery. The relay R3030 operates im-
mediately this test circuit is completed, and com-
pletes, at RA3032, an obvious holding circuit for
the relay R3050. At RA303I and its associated
resting contact, the relay R3030 opens a point in
the above-traced circuit for energizing the oper-
ating magnet 2804. At this same armature and
its associated working contact, the relay R3030
completes a holding circuit for itself, which hold-
ing circuit extends from ground at RA3031 by
way of the upper winding of R3030, RA3021,
C3058 and the winding of the magnet 2804 to

battery. Due to the relatively high resistance of:

the upper winding of the relay R38030, the mag-

‘net 2804 is insufficiently energized to operate

when this holding circuit is completed. The en-
ergization of the lower winding of R3040 over
the above-traced circuit serves to maintain this
relay operated independerntly of the energized or
deenergized condition of its upper windinz,
thereby further to insure the discontinuance of
the operation of the finder switch 2800. When
the circuit traced above and extending through

- the winding of the cut-off relay embodied in the
“line circuit 55 is completed, this cut-off relay

operates in the usual manner to disconnect. the
distributor start conductor C3433 from ground
and to disconnect the windings of the line re-
lay embodied in the line circuit 55 from the line
conductors C2815 and C2817.

The switching relay R2810 operates to close
the “X” contacts asscciated with RA2812 when
its upper winding is energized over the above-

»
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_traced test circuit. At these contacts a circuit

is completed for energizing the lower winding of

R2810 to battery. The relay R2810 now fully

plying ground potential to the control conductor

_ C2816 of the calling line 59, which path may be
traced as extending from ground by way of the

thermasl element 2861, the contacts 2864, RA2828,
RA2812, RA2813 and the wiper 2802 to the con-
trol conductor C2816. At its two armatures
RA28(1 and RA28186, the relay R2610 upon fully
operating extends the calling loop circuit to the
line terminals of the line relay R2820, thereby to
hold this relay energized after the distributor is
released and the operating circuit for this line
relay is interrupted. 'The application of ground
potential to the control conductor C2816 serves

to maintain the line 59 marked as busy until the"

connection 'is released. At RA28(5, the relay

99

the last available idle link becomes busy. When

-~ 'R2810, this circuit extending from ground by way -
. of the thermostatic element 2861, the contacts
" 2864, RA2826, RA2812 and the lower winding of .

5

.operates to complete, at RA2813, a path for ap~ .

10

20.

R2810 opens. a point in the previously traced -

path by way of which ground potential is im-
pressed upon the guard conductor C3055. When
ground potential is removed from the guard con-
ductor C3055 the relay R3020 is deenergized and
restores, after an interval, to open, at RA3021,
the holding circuit for the relay R3030. The
last-mentioned relay, upon restoring, opens, at
RA3032, the holding circuit for the start relay
R3050. When the start relay R3050 restores, the
distributor llustrated in Fig. 30 is conditioned to
respond to the initiation of a second call by as-

signing the next available idle switching selec- o

tor repeater link to the line upon which the next
call originates. o ) .
If, with the link illustrated in Figs. 28 and 29
busy and the second link corresponding to the
relay R3010 idle, a second call is initiated on one
of the lines extending to the exchange C, the dis-
tributor shown ih Pig. 30 operates to assign the
second link to the calling line upon which the
second call originates. - More particularly, when
the second call is initiated, the line circuit as-
sociated with the calling line operates to impress
ground potential upon the distributor start con-
ductor C3433 thereby to energize the start relay

‘R3050. Since the second link is idle the relay

R3010, corresponding thereto, is operated and,
hence, the operation of the start relay R3050 re-
sults in the application of ground potential to
the hold conductor extending to the second link,
and in the completion of g circuit extending by

. way of RA3051, RA304(, RA302!] and RA3011 for

energizing the operating magnet of the finder
switch embodied in the second link. Thus, the
operation of the finder switch in the second
link' is initiated, the operating magnet of this
switch interacting with the Interrupter relay
R3030 in the manner just described so that the
wipers of the finder switch embodied in the sec-
ond link are driven to a position corresponding
to the second calling line. When this second
calling line is found, the .test relay R3030 op-
erates to arrest the stepping operation of the
finder switch embodied in the second link, and
the switclting relay embodied in the second link

- operates to open the holding circuit for the relay

R3010. Upon restoring, the relay R3010 trans-
fers the control circuits to the guard, test, hold
and magnet conductors extending to the next
available idle link. Thus, the links correspond-
ing to the relays R3010, R3020, etc., are succes-
sively assigned to successive calling lines until

" manner,
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all of the avallable links have been successively
assigned for use and a call is thereafter initiated,
the resulting operation of the start relay R3050
causes the operating circuit for the relay R3000
to be completed in the manner explained above. °
The rélay R3000, upon operating, again completes
the respective operating. circuits for the link
select relays which correspond to .idle ones of
the links. Thus, if the relay R3000 is caused to
reoperate at a time when the link corresponding
to the relay R3010 is idle and the link illustrated
in Figs. 28 and 29 corresponding to R3020 is
busy, the relay R3010 is cauised to reoperate to
prepare the start circuits extending to the asso-
ciated link, whereas the relay R3020. remains in -
its restored position. In g similar manner, the
other link select relays corresponding to idle links
are caused-to reoperate in response to the op-
eration of R3000 while the link select relays
corresponding to busy links remain in their re-
spective restored - position. In this regard,
it is pointed out here that each time a link, as,
for example, the link shown in Figs. 28 and 29,
becomes idle following its use, ground potential
Is impressed upon the guard conductor extend-
ing thereto. to prepare the operating circuit for
the associated link select relay.  If a call is in-
itiated at a time when all of the links are busy,

“the control circuits which are controlled by the

respective link select relays, the relay R3000 and
the start relay R3050 are switched through to an
all-links-busy meter, not shown, in the usual
Although not illustrated, - provisions
may also be made for returning busy tone to a
calling subscriber who initiates a4 call at a time
when all of the links provided in the exchange
C are busy. o : '
After the wipers of the switch 2980 are driven
into engagement with the contacts terminating
the trunk line 63 and when the switching relay
R29680 operates, all in the ‘manner explained
above, the line relay R2175 embodied in the re-
peater illustrated in Pigs. 26 and 27 is energized
over a loop circuit which may bé traced as ex-
tending from ground. at the upper terminal of
the lower winding of R2115 by way of this wind-
ing, C2884, the wiper 2984, RA2865 RA2952,
C2874, the winding of R2835, the upper winding
of R2830, RA2821, C2885, RA2961, the wiper 2981,
C2896, and the upper winding of R2115 to bat-
tery. Since the direction of current fow over
this loop circuit is such that the two windings
of R2830 are differentially energized, the relay
R2830 does not operate at this time.  The relay
R2115, on the other hand, operates to complete,
at RA2716 an obvious circuit for energizing the
slow-acting hold relay R2780. "This hold relay,
upon operating, completes, at RA2181, an ob-
vious. path for impressing ground potential upon
the control conductor C2895 and completes, at
RA2182, a circuit for energizing the slow-acting
relay R2670. The last-mentioned circuit ex-
tends from ground at RA2782 by way of RA2736,
C2682, RA2657 and the winding of R2670 to
battery. Upon operating, the relay R2670 com-
pletes, at RA2672 and RA2673; the respective op-
erating circuits for the relays R2630 and R2645.
The relay R2630, upon operating, connects, at
RA2631 and RA2633, the conductors of the trunk
line 37 to opposite terminals of the alternating
current source provided in the exchange C, and
completes, at RA2632, the above-mentioned op-
erating circuit for the relay R2660. The relay
-R2645, upon operating, disconnects at RA2645
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and RAZGH ‘the line conductors of the trunk line
31 from the line términals of the repeating trans-
former . windings 2616 and 2617. The relay
R2660, upon. operating, completes,.at RA2662, an
 obvious operating circuit for the relay R2655 and
.completes, at RA2665, a circuit extending by
way of C2693 and RA2783 for energizing the re-
lay R2730. The relay R2130, upon operating,
‘completes, at RA2738’, a holding circuit for it-
self, this holding circuit extending from ground at
"RA2TIT by way of RA2138’, the winding of
'R2130 -and the -resistor 2131’ to- battery. . At
.RA2131 and RA2739, the relay R2730 extends the
loop circuit to the line terminals of the repeating
transformer 2615, At RA2736, the relay R2130
opens a joint in the above-traced operating cir-
cuit for the relay R26178, this circuit further be-
ing interrupted at RA26587 in response to the op-
" eration ‘of the relay R2655. The relay R2670,
upon restoring, opens points in the respective op-

erating circuits for the relays R2630, R2645 and

© R2660. Thus, the five relays R2630, R2645,
. R2655, R2660 and R2670 are caused to restore.
When the relay R2630 restores, it disconnects the
line conductors of the trunk line 37 from: the
source of alternating current provided in the ex-
change C, thereby to terminate the seizing pulse
" of alternating current transmitted by way-of this
line to the repeater illustrated in Figs. 17 and 18.
Also, wheén the two relays R2630 and R2645 re-
store, the line conductors of the trunk line 3T ate

‘again connected to the line terminals of the re-
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peating transformer windings 2616 and 2617,

" Following - the restoration of the five relays
enumerated above, the repeater illustrated in

35

Figs. 26 and 27 is conditioned. to respond to the

impulses transmitted thereto by -way . of the
switching selector repeater illustrated in Figs. 28
and 29. The repeater located in the exchange B
and assocxated with the trunk line 37 responds to

490"

. the seizing pulse of alterhating. current trans-

mitted thereto in the manner just explained by
" routing the connection to a local finder-connector
link provided in the exchange. More -particu-
larly, when alternating current is‘projected over
the conductors of the trunk line 31, the-alternat-
ing current relay RI1815 operates to open, at

RAI818, the junction point between the trans-
former- winding 1874 and the condenser. {876.
- and to complete, at RA1817, a circuit for energiz- -

ing the upper winding of R1150. The last-men-
tioned circuit extends from ground at RAI811 by
way of CI1190, RAI137’, RAIT56 and the upper

© . winding of RIT50 to battery. When its upper

winding is energized over this circuit, the relay

R1150 partially operates to complete, at the “X”

contacts ‘associated with RAI17684, a path' for
short-circuiting its lower winding, which path
may be traced as extending from ground by way
of RAIT64, RC1748, RAI141, the lower winding
of R1150, RAI156, RAIT131’ and CI790 back to
ground at RA1817. When the seizing pulse of al-
ternating current projected over the trunk line 317
is terminated, the relay R18(5 restores to open, at
"RAIBI1, a point in the short-circuiting path just
" traced. The two windingsof R1750 are now ener-
gized in series over a circuit which may be traced
as extending from. ground at RAIT154 by way of
RCI1748, RAIT47 and the two windings of RI750
to battery. The relay RI1150 now fully operates
to complete, at RAI152, a path extending by way

cf  RAIT0! for applying ground potential to the

control -conductor CI379 of the trunk line 32,
. thereby to guard the repeater shown in Figs. 17
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and 18 against seizure. by one of the numerical 78
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switches prov1ded in the exchange B. AtRAI1153,
the relay RI750 completes an obvious path for
applying ground potential to the fifth contact of

"the inner row of contacts embodied in the bank

contact fleld of the minor . switch 1170, At
RAI153, the relay R1750 also prepares operating
circuits for the two relays- R1Ti2 and R17120. At
RAI7156, the relay R1150.prepares & circuit for
energizing the lower winding of the relay R1870
in parallel with the winding of the slow-acting
relay Ri7160. At RAI758, the relay R1750 com-
pletes a circuit for energizing the slow-to-release
relay R1865, this circuit extending from ground

Ly way of RAIT58, Ci794, RAI8TI, RAI851, and

the winding of R1865 to battery.:: The last-men-
tioned relay, upon operating, prepares, at RA1866,
a circuit for energizing the relay R1850 and pre-
pares, at RA1861, a locking circuit. for itself. At
RAI15i, RAI155 and RAI1159; the relay RI1750
completes a loop circuit extending by way of the
link line 45 to the line circuit. illustrated in Fig.
23. At RAI151, the relay R1150 completes a cir-
cuit for energizing the upper winding of R1765 in
parallel with the lower winding of R{830, one
branch of this circuit extending: from ground at

“RAIT57 through the upper winding of RI765 to

battery, and the other branch'extending from

ground at RAI(757 by way of Ci192, RAI854 and .

the lower winding of R1830 to battery. The re-

lay R1165 does not operate at this time, smce its -

two windings are differentially energized. ‘The

relay Ri1830 operates, when its lower winding is .

energized over the circuit just traced and, upon
operating, prepares, at RA{831, the previously
traced circuit for energizing.the operating mag-
net 1112 of the minor switch #1710, Also, the re-
lay Ri830, upon operating, initiates the -cyclic
operation of -the three relays RI800, R1805 and
RI810, in the manner explained previously.
During the portion of each cycle of operation of
these three relays when the relay R{805 is ener-

gized, the operating circuit for the magnet 1772 -

is completed. Hernce, the wiper 1111 is operated
one step durmg each ‘cycle of operation of the
three relays R1800, R1805 and Ri810. The step-
ping operation on the part of the minor switch
1710 continues until the wiper 1771 thereof is
operated to its ninth off-normal position or until

the first of a series of impulses is transmitted by.
~way of the trunk lme 317 to the repeater shown in

Figs. 17 and 18.

When the previously mentioned. loop circuit is
completed by way of the trunk line 45 to the line
circuit shown in Fig. 23, this line ¢ircuit responds
by causing one of the local ﬁnder-connector links
provided in the exchange C to'be assigned to the
use of the calling line 45. More ‘particularly,
when the relay R1150 operates in the manner just
explained, the line relay R2300 is energized over
a circuit which may be traced as extending from
ground at RA232{ by way of C2326, RAI759,
C1196, the winding 1875, C1185, the resistor 1767,
the lower winding of RI165, RA1755, Ci187,
RA1863, the winding 1874, CI1715; RAIT51, C2325,
RA2324 and the w1nd1ng of R2300 to battery
When energized over this circuit, the relay R2300
completes, at RA2301, a path including the wind-
ing of R2320 and RA231{. for applying negative
battery potential to the control conductor €2321,
thercby to. mark the calling line 45 in the bank
contacts of the finder switches havmg access to
this line. - At RA2302, the relay R2308, upon op-

erating, completes a path extending- by way of .

R2312 for applying ground potential {o the start
conductor C2328. The link distributor-illustrated






